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ABSTRACT 
Vegetable is basically an edible plant or a part of the plant other than a 
fleshy, juicy, sweet fruit or a dry seed. The definition of the word is not 
scientific, however, ii is largely based on culinar)' and cultural traditions, which 
are soiriewhat arbitrary and subjective. Vegetables play an important role in our 
balanced diet by providing not only energetic food but also by supplying vital 
protective nutrients like minerals and \itamins. Their consumption in sufficient 
quantities provides taste and palatability. increases appetite, and provides fair 
amount of fibers. Tomato is one of the important among other vegetable crops. 
The family Solanaceae, to which tomato belongs, is one of the most 
important families in the world, not only because it is one of the largest 
families in plant kingdom, with more than 3,000 species, but because its 
members are important enthnobotanically and are utilized extensively by the 
humans all over the world. In addition it is an important source of staple food, 
spices and medicines. The test plant Lycopersicon escidentum (tomato) is the 
world's largest vegetable crop. It serves as a protective as well as a nutritive 
food. Tomato is a rich source of minerals, vitamin A, vitamin C, organic acids, 
amino acids and dietary fibers. 
Agricultural soils not only support plants but also harbour a large 
number of plant pathogenic organisms, of which plant parasitic nematodes are 
of great significance. These nematodes attack vegetables, ornamental and 
medicinal plants, all over the world thus causing huge economic losses. Root-
knot nematode, Meloidogyne incognita is one of the most prevalent nematode 
pest of vegetables and other crops in Uttar Pradesh, a province in the northern 
part of India. McloidogyiK iriLugttiiu causes morphological, anatomical, and 
physiological changes of the affected tissues of plants. These changes involve 
root galling, giant cell formation, and disruption in translocation of water and 
mineral nutrients. It penetrates the }oung roots, migrates interccUuralry, and 
induces giant cell formation in the region of vascular differentiation. Vascular 
system in galled region may gel disturbed due to giant cell formation. 
The entire experiment has been divided into three sections comprising of 
six experiments in all. In section first there are three experiments; second 
section comprises of two experiments; and third section consists of one 
experiment. The first experiment of Section I deals with the histopathological 
studies of the roots of Lycopersicon esculentum infected with Meloidogyne 
incognita. In this experiment formation and development of giant cell. 
formation of gall, development of the nematode, and differentiation of 
abnormal vascular tissues have traced after 24 h of inoculation till 27 days after 
inoculation. In the second experiment, effects of different inoculum levels on 
the plant growth, yield, size of the galls; number of galls per plant; number of 
egg masses per plant; number of eggs per egg mass; population of nematode in 
the soil and in the infected root; reproduction factor of nematode; nematode 
development; and root gall anatomy of tomato, were studied. The third 
experiment comprised of the work dealing with histopathological studies with 
Paecilomyces lilac inus and Cassia tor a for the management of Meloidogyne 
incognita. 
In Section II, first experiment was related with the effects of fly ash at 
different concentrations on the growth, yield, leaf area, cholorophyll content on 
tomato and development, reproduction, and anatomical parameters of 
nematode. In the second experiment, effects of leaf extract of Cassia tora, and 
oi Paecilomyces lilacinus in managing the root -knot disease on tomato, grown 
in fly ash amended soil, were studied. 
The Section III comprised of a single experiment in which efficacy of 
botanicals ot Cassia tora and of organic compounds for controlling the root-
knot nematode {Meloidogyne incognita) on Lycopersicon esculentum was 
evaluated. 
SECTION FIRST 
In the firs! experiment, histopathological studies of M. incognita 
infected roots were carried out from the first day of nematode inoculation till 
egg mass production. With help of transverse and longitudinal sections. 
sequential changes in the tormation of giant cells, development of the 
nematode, formation of hypertrophic and hyperplastic tissues, and 
differentiation of abnormal vascular elements were investigated. The cells 
adjacent to the nematode head were induced to develop into the giant cells. The 
cells in close proximity of the giant cells were of two types, some were larger 
and comprised hyperplastic tissue and the others were very small and 
constituted hyperplastic tissues. The cell walls of the giant cells were very 
thick. The cytoplasm had become more dense and occupied almost entire 
volume of the giant cell. Enlargement of giant cells, and vessel elements, 
fonnation of vessel like elements from parenchyma cell, were noticed 9 days 
after inoculation. The giant cells enclosed most dense and granular cytoplasm. 
After 15 days of inoculation smaller giant cells were found evacuated and 
transforming into vessel like elements. The denseness of the cytoplasm in the 
larger giant ceils decreased as a result of feeding by the nematode. 
Hypertrophic and hyperplastic reactions v/ere repeated and resulted in rapid 
increase in gall size. After 21 days of inoculation, vacuolation in the giant cells 
was found increased and the number of nuclei per giant cell decreased. Smaller 
giant cells in the giant cell complex lost their cytoplasm. After 27 days of 
inoculation, most of the females were found associated with the egg masses. 
The giant cells became highly vacuolated. The number of nuclei per giant cell 
decreased and their shapes, changed to amoeboid, and the number of nuclei per 
nucleus also decreased. From these observation, it was concluded that the giant 
cells induced in differentiating vascular tissues. The tissues around the giant 
cells were also found affected. In the beginning, the size of the giant cells, the 
amount of cytoplasm, and the number of nuclei per giant cell increased, but 
later on the amount of cytoplasm and the number of nuclei decreased wiiln)Ul 
aflecling ceil size. Tlie second - stage juveniles laved parallel to the root axis 
but during their development, their orientation changed to radial or oblique to 
root axis. The egg masses were laid down outside the plant tissues. In addition 
to these, amount of abnormal xylem was found increased in the galled portion. 
In the second experiments, effects of different inoculum, levels of h4. 
incognita on plant growth and yield w'cre determined. The seedlings of L. 
esculentum were inoculated with 5, 50, 5,00 and 5,000 juveniles per plant. An 
overall reduction in plant growth was noticed in all the nematode inoculated 
plants. There was an inverse relationship between the inoculum levels and 
growth parameters. The inoculated plants exhibited reduction in height, fresh 
weight, dry weight, number of flowers and number of fruits over the control. 
The infected plants, inoculated with different inoculum levels, could be easily 
distinguished on the basis of their height. The plants at highest inoculum level 
were shortest. A direct relationship between amount of inoculum and galling, 
egg mass production, and nematode population was found. Smallest and lowest 
number of galls were formed at the lowest inoculum level whereas largest and 
highest number of galls were formed at the highest inoculum level. 
The root anatomy revealed that the second-stage juveniles after entering 
the roots of L. esculentum caused hypertrophy and hyperplasia in the cortex 
and the stele. The root anatomy revealed formation of giant cell complexes in 
the infected zone. Again there was direct relationship between inoculum level 
and number of giant cell complexes per gall. The number of giant cell 
complexes per gall increased with an increase in initial inoculum level. There 
was less distortion in anatomical features of the galled root at low inoculum 
levels but there were more abnormalities in all the tissues of galled roots at 
highest inoculum level. 
The third experiment of section first was conducted to determine effects 
of C. tora and Paecilomyces lilacinus on M incognita and plant growth, yield. 
root-knot and egg masse indices. The fungus and the seed extracts of Cassia 
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of L tor a were added into the sol! around the roots 
simultaneously and after nematode inoeulation. there was great enhancement 
in plant growth when the fungus and the seed extracts of C tora were applied 
into the soil, one week before of nematode inoculation. Amelioration in plant 
growth was also noticed in the plants irepited with P. lilacinus and C. tora, 
sim.uhaneously. In these two treatincnis lengths and weights of the roots and 
the shoots increased as compared to other treatments. The fungus after 
penetrating into the root grew inter - and intracellularly as was obser\'ed in the 
lumen of vessel elements. The fungal hyphae could be noticed inside the giant 
cells and inside the body of the mature female. It targeted and destroyed eggs 
and egg masses. The fungus managed root-knot disease successfully when 
applied into the soil before of nematode inoculation. The biochemical 
compounds of C. tora alone or alongwith fungus also contributed also in 
destroying the nematode. In simultaneous inoculation, the juveniles that 
entered the roots before coming in contact with P. lilacinus and C. tora 
botanicals successfully established in the root tissues. The primary infection 
therefore, was not checked. However, sccondar\' infection was checked by the 
fungus as it destroyed eggs and egg masses before hatching. Post inoculation 
treatment were also found effective in limiting secondary infection. 
SECTION SECOND 
The fourth experiment of the thesis was performed to analyse the effects 
of lly ash on growth, leaf area, yield and chlorophyll contents of root -knot 
nematode infected tomato plant. The study revealed that plant growth, yield, 
and chlorophyll contents decreased in ail the treatments where the plants were 
grown in fly ash amended soil and inoculated with the nematode. Highest 
reductions in grouLh paranieLers were found in the plants (C|), moculated with 
nematode and grown in unamended soil. Enhancement in plant growth over C| 
was noticed in all the nematode inoculated plants grown in fly ash amended 
soil. Highest increase occurred in the growth parameters of the plants, where 
the plants were grown in 30% jly ash amended soil. The number of galls. 
number of egg masses and the dimensions of the miature female (i.e. body 
lengtii and width; neck length and width; stylet length and width and median 
bulb length and width) decreased in all the fly ash amended treatments, when 
compared with C| plants, flighest reduction in morpho - anatomical features of 
the nematode occurred in 1\ plants where the plants were grown in 50% tly 
ash. From these findings il was concluded that tly ash addition into the soil 
changed its physical as well as chemical characteristics. These resulted increase 
in growth parameters at low fly ash level and decrease at high fly ash level, 
In the fifth experiment, the effects of Cassia tora and Paecilomyces 
lilaciniis against root-knot nematode (Meloidogyne incognita) on tomato grown 
in fly ash amended soil were estimated. The plant length, weight, leaf area, and 
yield of tomato decreased in Ti plants where the plants were inoculated with 
nematode and grown in soil not amended with fly ash, P. lilacinus or leaf 
botanicals of Cassia tora. Non-significant reductions were found in T2, T3, T4 
plants where the plants were grown in fly ash amended soil and treated with 
leaf extracts of C. tora and with P. lilacinus. Among the plants grown in fly ash 
amended soil, highest reductions in plant growth were found in T5 plants where 
the plants were grown in soil amended with 50% fly ash and treated with leaf 
extracts of C. tora, and with P. lilacinus. On comparing with Ti enhancement 
in the length, weight and yield of tomato was observed in all the treatments 
grown in fly ash amended soil. Highest increase in the length, v/eight, leaf area 
and yield was noticed in T4 treatment where the plants were inoculated with 
nematode, treated with leaf extracts of C. tora and P. lilacinus, and grown in 
fly ash amended soil. Maximum number of galls and egg masses were noticed 
in Ti plants where plants were inoculated with nematode only and grown in 
unamended soil. Number of galls and egg masses gradually decreased from T2 
to T5, where nematode inoculated plants were treated with leaf extracts of C. 
tora, P. lilacinus and different concentrations of fly ash in the soil. 
This study revealed that leaf extracts of Cassia tora and the fungus 
Paecilomyces lilacinus managed the nematode and reduced the extent of 
infection on tomato. The combined effects of Cassia tora, Paecilomyces 
lilacinus and fly ash were found highly advantageous for the plant growth and 
detrimental for the nematode. 
SECTION THIRD 
In the sixth and the last experiment, control of Meloidogyne Incugnita 
on tomato by amending soil with organic compounds and botanicals of Cassia 
tora was tested. Plant length, weight, yield, chlorophyll contents, number of 
stomata, size of stomata, stomatai aperture, and size of trichome of tomato 
were found decreased in all the treatments except T^, when compared with 
control. Highest and significant reduction was noticed in Ti plants where the 
plants were inoculated with the nematode and not treated with any substance. A 
gradual increase in length, weight, yield, chlorophyll contents, number of 
stomata, size of stomata, stomatai aperture, and size of trichome was observed 
in all the treatments, when compared with Ti plants. The differences in growth, 
yield, and anatomical parameters in Ti and T2 plants were non-significant. 
Significant increase in T3, T4, Ts, and T^  plant over Tj plants was encountered. 
Highest increase in all the parameters, over Ti plants, was observed in Tr, 
plants. The number of galls per root system was highest in Ti plants than any 
other treatment. The gall number decreased in all the treatments with lowest 
values being on T5 plants. Egg mass index was highest on Tj and lowest on T(, 
plants. 
From the result of this experiment it might be concluded, that 
enhancement in yield of tomato was due to higher concentration of the 
nutrients present in the soil. The plants were able to utilize these nutrients 
without developing any toxic symptom. There nitrogenous substances of cow 
dung and cow urine caused increase in biomass and increase in number of 
flowers and fruits of tomato. The soil manuring agents and the leaf powder of 
C tora played their roles in two dimensions; the manuring agents enhanced 
plant growth and yield, while leaf powder operated in managing the nematode. 
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INTRODUCTION 
Vegetables play an important role in the balanced diet of human beings 
by providing not only the energetic food but also supplying vital protective 
nutrients like minerals and vitamins. Their consumption in sufficient quantities 
provides taste and palatability, increases appetite and provides fair amount of 
fibers. The family Solanaceae, is one of the most important families in plant 
kingdom, because it is one of the largest families comprising more than 3000 
species. Its members are enthnobotanically important and extensively utilized 
by humans all over the world. In addition it is an important source of staple 
food, spices and medicines. The test plant Lycopersicon esculentum (tomato) is 
the world's largest vegetable crop plant belonging to the family Solanaceae. 
Tomato is a rich source of minerals, vitamins A, vitamin C, organic acids, 
amino acids and dietary fibers. It serves as protective as well as nutritive food. 
In India, the area under tomato cultivation is about 350,000 hectares with a 
production capacity of 5,300,000 tones. Tomato is cultivated throughout India 
accounting 12% of the world vegetable crops. The tomato growing states in 
India are Uttar Pradesh, Karnataka, Maharashtra, Haryana, Punjab and Bihar, 
of which Bihar and Uttar Pradesh are in leading position in terms of area under 
cultivation. The maximum productivity of tomato has been reported from Uttar 
Pradesh followed by Karnataka and Punjab. 
The soil, in addition to supporting plants, harbours a large number of 
plant pathogenic organisms such as bacteria, fungi and nematodes. The 
nematodes are tripoblastic, bilaterally symmetrical, unsegmented, 
pesudocoelomic invertebrates, lacking respiratory and circulatory systems. The 
nematodes constitute the largest and the ubiquitous group of invertebrates, 
highly diversified with representatives in almost every kind of environment. 
They occur in unimaginable numbers in size and structures. A large number of 
nematode species are parasites of different kinds of plants and animals. Most of 
tlie vegetable crops are attacked by one or more species of nematodes. The 
damages caused by nematodes range from slight to total crop loss, depending 
upon the level of infestation. The average annual loss of world's major crops 
due to r)lant i^arasitic nematodes has been estimated to be 12.3% (Sasser 
1998). 
On the basis of the mode of parasitism and host-parasite relationship, the 
nematodes are variously classified into different groups like ecto, semi-endo 
and endo-parasites. Endoparasitic nematodes are more damaging and 
agriculturally important than other groups. Among endo-parasities, root-knot 
nematodes belonging to the genus Meloidogyne constitute major group of 
plant-parasitic nematodes. They are cosmopolitan in distribution and cause 
diseases in many crop plants. They attack almost every type of crop causing 
considerable yield losses (Sasser, 1980). 
A number of chemicals, both soil flimigants and systemic nematicides 
had been in use till recently for managing plant parasitic nematodes 
successfully, including root-knot nematodes. Most of the synthetic nematicides, 
are the root cause of soil pollution, that have deleteriously affected flora, fauna 
and human beings. Their influence on the non-target organisms has caused 
ecological imbalances which are sometimes difficult to be restored. 
Furthermore, the nematode population was found to be increased several 
months after the use of nematicides. Their persistence in soil and contamination 
of ground water are the other features due to which chemical pesticides are not 
recommended these days. Keeping in view of such hazardous effects, several 
pesticides have been banned. 
Currently, biocontrol measures have become most significant methods 
for the management of plant parasitic nematodes. In the present time, due to 
greater awareness of the essentiality of pollution free environment, biocontrol 
seems to be the most relevant and practically demanding approach (Khan and 
2 
Esfahani, 1990). In the broadest sense, biocontrol is the natural phenomenon of 
population regulation created by the interaction of the biotic components of an 
ecosystem. The biological control encompasses all biological mechanism 
leading to mortality of an undesired organism. It also includes competition 
between individuals of the same or the different species. Other applied 
biological control measures involve the manipulation, conservation and 
augmentation of specific kinds of organisms in order to regulate population of 
undesirable species, and thus to prevent or reduce their negative impacts on 
human beings. 
Biocontrol is the skilful manipulation of the biosphere against nematode 
pests for achieving maximum benefits, but in some cases many difficulties in 
practical applications have been encountered. Other drawback of the biocontrol 
measure is the impatience of scientists as well as farmers who always desire 
instant results. Nematode egg parasitizing fungi have been reviewed by Jatala 
(1986), Cabanillas et al, (1988, 1989), Marban, et al, (1992). Some of these 
fungi were reported attacking various developmental stages of the nematodes. 
The fungus Paecilomyces lilaciniis checks development of the 
nematode, contains their population, and ultimately enhances growth of 
affected plants. The genus Paecilomyces was first described by Bainer (1907) 
as a close relative of Penicillium but differing in the absence of green colored 
colonies and short cylindrical phialides, which tapered into long neck. Samson 
(1975) placed Penicillium lilacinum and some other fungi in the genus 
Paecilomyces and proposed the name Paecilomyces lilacinus. It has been the 
subject of many recent researches for evaluating its biocontrol potential against 
nematodes. In Philippines, it is being produced commercially under the trade 
name'BIOCON" (Jatala, 1986). 
Paecilomyces lilacinus causing perforations in the egg shell of the 
nematode was reported for the first time by Lysek (1966). Later on, infection in 
eggs and females of M incognita, by the fungus was recorded by Jatala et al., 
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(1979). An antibiotic P-168 produced by P. lilacinus possesses antimicrobial 
activity affecting fungus, yeast and gram negative bacteria, but its deleterious 
effects on eggs, juveniles, and mature females of the nematodes have been 
recorded by Isogai et al, 1980. The efficacy of P. lilacinus in controlling M. 
incognita and Globodera pallida was dem.onstrated by Franco et al., (1981). It 
was found associated with different developmental stages of Heterodera 
glycines, in soybean field (Gintis et al., 1983). The parasitic nature of P. 
lilacinus on eggs of Meloidogyne arenaria and their juveniles was studied by 
Morgan-Jones et al, (1984). They found two strains of Paecilomyces lilacinus 
parasitising cysts and eggs of H. glycine, M. arenaria and M. incognita. The 
eggs of M. incognita were deformed by the fungus because of diffusible toxic 
metabolites (Jatala, 1985, 1986). 
A combination of P. lilacinus with Pseudomonas aeruginosa has been 
found to be effective in reducing the infection of root infecting fungi and root-
knot nematode on pumpkin, chilli and watermelon (Perveen et al., 1998). 
While working on okra, (Zareen et al, 2001) found that P. lilacinus improved 
plant growth and reduced gall number. Application of P. lilacinus was more 
effective in improving plant growth parameters and maintaining low gall index 
and numiber of eggs per egg mass, as compared to carbofuran (Khan and 
Goswami, 2002). Soil application of P. lilacinus was found to be highly 
effective against M. incognita on tomato (Priya and Kumar, 2006). 
Some plants, antagonistic towards nematodes have been used as a 
source of nematicidal materials. The most reported antagonistic plants are 
Tagetes, Azadirachta, Crotalaria spp., and several species of grasses from 
Poaceae family (Chitwood, 2002; Ferraz and de Ferities, 2004). Penetration of 
Meloidogyne juveniles into tomato roots was reduced when soil was amended 
with higher concentration of botanicals of Tagetes erecta (Cannayane and 
Rajendran, 2003). The use of plant and plant products for control of nematodes 
has received considerable attention in recent years. Their availability, 
minimum toxicity to man and animals, safety to the environment, and 
4 
effectiveness in controlling the nematodes, make plant parts indispensable in 
controlling the nematodes (Jesse and Jada, 2004). Marigolds (Tagetes erecta 
and T. patula), when intercropped with soybean {Glycine max), infected with 
M. incognita, reduced gall number, egg mass number and soil population of 
juveniles, and increased growth and yield of soybean (EI-Hamawi and Youssef, 
2004). While working on tomato cv. Roma vf, Agbenin et al, (2004) 
discovered that application of neem powder at 2g/kg soil reduced disease 
severity of root-knot nematode in screen house and field conditions. 
Significant results have been achieved in controlling a large number of 
nematode species with neem products such as neem cake, fresh and fallen 
leaves, (Vaitheeswarn et al, 2005; Tariq and Siddiqui 2005; Ahmad et al, 
2007; Rather and Siddiqui, 2007). 
Soil application with 15 % leaf extract of neem shov/ed maximum 
growth parameters and reduced nematode population (Umamaheswari et al, 
2005). Azdirachta, Aak, and Parthenium were found effective in managing the 
root-knot nematode in tomato nursery and thereby increasing the production of 
transplantable tomato (Patel et al, 2006). An aqueous extract obtained from 
the leaves of Crotalaria virgulata was found to be nematostatic, which 
paralysed the juveniles and consequently tomato plants were not infected by 
the juveniles. However, the effect was reversible, and when juveniles were 
placed in pure water their paralytic effect had gone (Jourand et al, 2004). A 
mixture of Parkia biglobosa seed extract and goat manure when added into the 
soil inhibited the growth and development of Meloidogyne incognita. The 
mixture enriched the soil with nutrients, which enhanced growth of tomato 
plants (Umar and Jada, 2000). Pod husk of Parkia biglobosa and leaf extract of 
Lanmia acida suppressed egg-hatch of M incognita (Jesse, 2005). 
Saravanapriya and Sivakumar (2003) tested seven plant products, i.e. leaves of 
Calotropis gigantea, Tagetes erecta and Azadirachta indica; seeds of Areca 
catechu and Citridlus lanatus; latex of Calotropis gigantea and Carica papaya, 
in the glass house for testing their efficacy against M. incognita infesting 
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tomato. Water extracts of all plant products gave better performance than dry 
powder. Leaves of Calotropis gigantea increased plant growth parameters 
(shoot and root lengths, and shoot and root weights) and recorded lowest 
galling and soil nematode population, whereas the latex of Carica papaya and 
Calotropis gigantea recorded the poorest performance. 
Application of P. lilacinus and castor leaves alongwith fertilizer 
reduced gall index and increased tomato yield, when used singly or in 
combination. However, integration of both of these was more effective than 
single one (Zaki, 1998). Walia et al, (1999) found that chopped leaves of 
castor, eucalyptus and neem when added into the soil, enhanced growth of okra 
infected with M incognita. Castor leaves were found to be most effective. 
Oduor-Owino (2003) reported that growth and yield of tomato, infected with 
M. incognita increased while galling and soil nematode population decreased 
when soil was amended with organic matter and P. lilacinus. Addition of 
Cassia tor a leaf powder and Peacilomyces lilacinus successfully managed the 
root-knot nematode on chickpea (Azam et al, 2009) 
Cassia tora belonging to the family Caesalpiniaceae was selected as the 
test plant to examine its nematicidal properties. Morphology, chemistry and 
uses of C tora have been described in Wealth of India. It is an annual, 1-2 m 
tall herb growing throughout India during rainy season. 
Classification: 
Kingdom Plantae 
Division Rosopsida 
Order Fabales 
Family Fabaceae 
Sub family Caesalpinioidae 
Genus Cassia 
Species tora 
Morphology: Leaves are alternate, paripinnate, of about ten centimeter in 
length. There are six leaflets in three pairs. Leaflets are ovate or oblong. 
Flowers are yellow in color, borne in axil of the leaves. Flowers are 
pentamerous with five petals, and about 2 cm in diameter. Pod is thin, about 15 
to 30 cm in length, and obliquely separated. Seeds are brown witli 
rhombohedral shape, 30 to 50 seeds per pod. The plant flowers in rainy season 
and fruits become mature in early winter season. 
Chemical Constituents of Leaves: The chemical constituents of the leaves 
are: moisture 82.5%; protein 4.5%; fat, 1:1%; fibre 2.2%; carbohydrate 8.0%; 
minerals 1.7%; calcium 520mg/100g; Phosphorus 39mg/100g; iron 
12.3mg/100g; thiamine 0.19mg/100g; riboflavin 0.83mg/100g; nicotinic acid 
0.83mg/100g; and vitamin C 82mg/100g. Presence of emodin and 
Kaempferol-2- diglucoside is reported in the leaves. The leaves and stems also 
contain d-mannitol, myricyl alcohol, beta-sitosterol, glucose, tigonelline, 1-
stachydnine and choline. The stem bark yields ethyl arachidate and be-henic, 
marganic and palmitic acids, euphol aurapterol, beta-sitsterol, basseol, emodin 
rhien (Kritikar and Basu, 1954). 
Chemical Constituents of Seeds: Analysis of the seeds gave the following 
values: moisture 4.48%; protein 23.77%; fat 2.74%; crude fibers 13.14%); 
carbohydrates 48.53%; ash 7.34%; iron 0.187%; phosphorus 0.362%. The 
amino acid composition of protein is as follows: lysine 3.7%; histidine 2.4%); 
threonine 9.2%); phenylaline 4.8%; valine 6.4%o; methionine 1.6%; tryptophan 
0.9%) leucine and isoleucine 15.1%), serine 7.4%); gylcine 10.2%; tyrosine 3.8%); 
cystine 0.8%o; arginine 6.6%; glutamic acid 10.6%); aspartic acid 6.80%o alanine 
8.4% and proline 0.6%). They contain tigonelline, 1-stachydrine and choline. 
The seeds contain rhein, emodin, aloe- emodin , chrysophanol physcion, 
rubrofusarin, chrysophonic acid-9- anthrone, (Kritikar and Basu, 1954). 
Chemical Constituents of Roots: The roots contain choline, 1,3,5-trihydroxy-
6,7-dimethoxy-2-methylanthraquinone,leucoperlargonidin-3-0-a-L-
rhamnopyranoside and P- sitosterol (Kritikar and Basu,1954). 
Uses: 
Chakramarda thailamu, an ayurvedic oil of C. tora is used in ec/,eina, 
ringworm and other skin diseases. The herb possesses purgative and 
anthelmintic properties. The aqueous and alocoholic extracts, and callus 
cultures of the herb possess anti-bacterial activity against gram negative 
bacteria. The extracts also show interferon like anti-viral activity against virus 
of Ranikliet disease in culture. The herb is consumed by cattle when ensiled in 
pits before flowering; wheat or paddy straw can also be added. The herb is also 
used as a feed for ostriches. It serves as a green manure particularly for acidic 
soils. 
The young and tender leaves and stems are eaten as vegetables and in 
soups; the powder made after their femientation is added to foods as a 
condiment in Sudan. The chicks fed with the washed leaf meal showed higher 
growth rate and efficiency. A hot beverage is prepared from its leaves in 
Kumaon and consumed as substitute of tea. The mature leaves possess 
purgative properties and are sometimes utilized to adulterate the true senna; 
also used as an antiperiodic, and anthelmintic. They are extremely useful in 
ringworm and other skin-diseases. The pounded leaves are applied as poultice 
on cuts and wounds like tincture - iodine, and for ulcers to hasten suppuration. 
The leaves are also used for the treatment of cough, and impetigo. Pounded 
with egg- albumin, they are applied as a plaster for fractured bones. A 
decoction of the leaves is given to children during teething and used for the eye 
trouble. In Zambia its lotion is applied for skin diseases. A paste made of equal 
parts of leaves and seed is given in jaundice. The crude and de-alcoholized 
extracts of leaves exhibited toxicity to mice. The pounded leaf stupefies fish. 
f.eaf extracts of C torn possess antifungal activity (Acharya and Chaterjee, 
1975; Azam and Hisamuddin. 2009a), 
The unripe fruits are cooked and eaten. The seeds are used in the 
preparation of sweets and also eaten at times of food scarcity. The powder of 
roasted seeds is substituted for coffee. The seeds can be added as protein- rich 
food for livestock. The seeds are not ordinarily relished in green condition, but 
when dried under the sun for 15-20 days and gradually introduced, the animals 
develop a taste for them. The boiled and raw seeds can be included in limited 
quantities in the concentrates for milch cows, buffalo calves and bullocks 
without adverse effects on milk or weight. The seeds have been reported to be 
fatal to quail but have not been proved toxic to poultry. The immature seeds in 
concentrate mixtures were found to be less toxic than mature seeds when fed to 
two week old white leghorn chicks. The toxic principles may be water 
insoluble and heat labile. 
The seeds are used as tonic and stomachic. A paste of pulverized seeds 
with lime-juice is usually used against ringworm and other skin diseases. Seeds 
are also used in eye-diseases, liver complaints, and earache. The filtrate 
obtained from the boiled powder of the seeds is considered as blood purifier 
and given in the inflammation of skin. The extracts of seed showed marked 
contraction of the uterus of guinea pig. The pods are used in dysentery. 
Chrysophanic acid-9- anthrone was found to be active against Trichophyton 
rubrum, T. nientagrophytes, T. gramdoswn, Microsporon canis Bodin, M 
gypseum and Geotrichum candidum. This compound when topically applied as 
an ointment (100 mg compound in 100 g petroleum jelly base) was found 
effective in curing ringworm. The methanolic extract (10%) showed good 
oxytocic activity. The de-alocoholized extract of seeds is effective against 
Micrococcus pyogenes, M. citreus, Corynebacterium diphtheriae, Bacillus 
megaterium, Salmonella typhosa, S. paratyphi, S. schottmuelleri and 
Escherichia coli. The alcoholic extracts also shoNved activity against E. coli, in 
vitro. The petroleum ether extracts of seed showed insecticidal activity against 
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red cotton bug, Dysdercus koenigii Fabr., a pest of Solanaceoiis vegetables. 
The seeds yield a gum (7.65%) which is most efficient suspending agent for 
calomel, kaolin, and talc. It is a binding agent of tablets also. The seeds yield 
yellow, blue and red-colored dyes used in dyeing and tanning. Seed extracts of 
Cassia have antibacterial properties (Hatano et al, 1999). 
The roots are reported to possess bitter, tonic, purgative and 
anthelmintic properties and are used against skin diseases. The roots are used 
as medicinal components in curing stomach disorders and in skin diseases. The 
paste of root with lime juice is a specific remedy for ringworm. Cassia tora is 
also consumed by cattle when plants are young and in pre-flowering stage. 
When seed meal of sickle pod was applied into the soil infested with 
Meloidogyne chitwoodi then number of infective nematodes was found 
decreased. No phytotoxic effect of meal amendment on tomato plants was 
observed (Abott et al., 1998). 
MoUiard (1900) reported galls on the roots of melon, Coleus and 
Begonia and emphasized that after invasion, the root tip growth was arrested 
and lateral roots had frequently emerged. The root-knot nematodes are 
sedentary endo-parasites. The second-stage larva called juvenile penetrates the 
roots and establishes its feeding site in vascular region. In response of feeding 
activity, some parenchyma cells become enlarged and multinucleate, referred 
to as "giant cells". In the giant cell, multinucleate condition arises due to 
repeated endomitotic nuclear divisions. Kostoff and Kendall (1930) considered 
that the giant cells were formed by the fusion of affected cells. The concept 
was supported by Christie (1936), Dropkin and Nelson (1960), Littrell (1966). 
Nematodes when feed on host plants cause simple mechanical injury leading to 
complex host-parasite interactions. The plant and the nematode interactions 
result in morphological and physiological alterations in the affected tissues. 
The subsequent development of disease syndrome depends on biochemical 
reactions in between exudates of pathogen and metabolites, already exiting or 
produced by the host as a response to infection. The host parasite interaction is 
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a complex phenomenon. Failure of compatible response between the two 
sometimes may cause death of tissues at feeding site that ultimately leads to 
death of the pathogen. 
Meloidogyne javanica infection on soybean roots caused hypertrophy, 
hyperplasia and giant cell formation in the tissue surrounding the head that 
consequently led to gall formation (Ibrahim and Massoud, 1974). According to 
Siddiqui and Taylor (1970) gall formation is attributed to hypertrophy of the 
cortical cells, xylem parenchyma, formation of giant cells, nematode 
development and egg mass production. 
Huang and Maggenti (1969a) observed that the giant cell in Vicia faba 
roots arose due to repeated karyokinesis without cytokinesis. Jones and Payne 
(1978) emphasized the view of hypertrophy and repeated endomitosis in 
balsam roots infected with Meloidogyne incognita. In a young giant cell, the 
cytoplasm becomes denser, the central vacuole disappears and smaller vacuoles 
increasingly prevail (Wergin and Orion, 1981). Towards the maturity, of the 
nematode the nutrient demand by the nematode increases and in response, the 
giant cell cytoplasm shows intense metabolic activity. The nuclei become 
highly lobed and heterochromatic with prominent and numerous nuclear pores, 
indicating rapid nucleo-cytoplasmic exchange. 
Formation of giant cells, proliferation of parenchyma cells and 
multiplication of pericycle and the cells around the nematode head cause 
disruption in vascular tissues. The vessel elements become irregular in shape 
and in size. Small and large parenchyma cells are transformed into vessel like 
elements and constitute the abnormal xylem. Production of enormous amount 
of abnormal xylem is thought to carry water and nutrients in greater amounts to 
compensate the loss caused by root-knot nematode infection (Hisamuddin, 
1992). Meloidogyne incognita infection drastically alters physiology of the host 
plant leading to the development of characteristic symptoms which are 
reflected on the shoots and roots. The root infection by Meloidogyne spp. 
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causes the formation of feeding site, whicJi acts as a metabolite sink. The food 
material synthesized in the shoots is mobilized towards the metabolite sink. 
Pollution, a serious problem in the present world is defined as an 
undesirable change in physical, chemical or biological characteristics of our air, 
land and water that harmfully affects human life or desirable species or living 
conditions (Odum, 1971). Release of different kinds of pollutants in the air 
causes air pollution. Broadly, the air pollutants are categorized into two types: 
gaseous and particulate. The major gaseous air pollutants are sulphur dioxide 
(SO2), nitrogen oxides (NOx), carbonmonoxide (CO), ammonia (NH3), chlorine 
(CI2), ethylene (C2H2), hydrogen fluoride (HF), ozone (O3), peroxyacetyl 
nitrate (PAN) etc. Particulate air pollutants include coal dust, fly ash, cement 
dust, brick kiln and soil dust particles. 
Today, India is in the list of one of the top ten countries of the world 
having an excellent industrial infrastructure. There are a large number of 
thermal and super thermal power stations in the country which add a lot of 
pollutants into the air. Fly ash is one of the main particulate pollutants where 
coal is used as fuel. It is a major cause of ambient pollution and such pollution 
is of great concern in the developing countries (Das, 1986). 
About 90 million tones of fly ash is generated annually in India and 
about 12 million tones is being utilized (Sirvastava, 2002). In the coming years 
this figure is expected to reach 200 million tones by 2012. About 65,000 acres 
of land is used for making pits where fly ash is dumped. In advanced countries, 
the utilization rate is about 65 per cent of generation (Sengupta, 2002). It has 
been found that fly ash can be used in agriculture as a conditioner for 
improving some soil physico-chemical properties such as hydraulic 
conductivity, bulk density, porosity, water holding capacity etc. Fly ash has 
been used as a source of essential plant nutrients like calcium, magnesium, 
potassium, phosphorus, copper, zinc, manganese, iron, boron, and 
molybdenum. Fly ash has been applied in different agro-climatic conditions 
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and soil types in different parts of the world at the rates ranging from 25-500 t 
ha"' (Sengupta, 2002). 
Amendment of soil with 10 % fly ash increased germination percentage 
of maize, sorghum, and gram (Pawar et al, 1988). Application of 10 to 20% fly 
ash improved plant growth, yield and chlorophyll content of cucuniber but 50-
100 % fly ash became toxic and suppressed all measured parameters (Pasha et 
al., 1990). In tomato, plant growth, yield, chlorophyll and carotenoid contents 
were enhanced in 40-80 % fly ash amended soil (Khan and Khan, 1996). 
Application of 20% to 40 % fly ash in soil enhanced plant growth, yield, 
photosynthetic pigment, protein and lysine contents of wheat and rice, with a 
maximum at 40% (Singh and Siddiqui, 2002, 2003). Incorporation of fly ash 
and distillery effluent mixture, either in 1:1 or 1:2 ratio at 20 tons ha"' 
significantly improved the plant height, flower yield, total chlorophyll in leaves 
and carotenoid content in flowers (Anandkumar et al, 2004). 
Among other potential factors, air pollution is an important factor that 
influences growth and reproduction of microorganisms. The air pollutants have 
direct and indirect effects on microorganisms, depending upon the nature of the 
disease, the type of the host, and the concentration and diversity of pollutants. 
Singh (1993) observed that higher concentration of fly ash suppressed the 
growth and development of root nodule bacteria {Bradyrhizobium Japonicum). 
Certain elements such as potassium, phosphorous and boron play important 
roles in defense mechanisms of plant against the nematodes (Kirkpatrick et al., 
1964; Francis, 1984). Addition of 30% fly ash into the soil suppressed 
population of M incognita and increased growth and yield of Coccinia 
cordifolia (Azam et al.,2001). 
Coal Ash: 
For use in experiment, fly ash was collected from Kasimpur Thermal 
Power Plant, situated 15 km away from the Department of Botany, A.M.U. 
Aligarh. The power plant runs on sulphur rich low grade, bituminous type of 
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coal, brought from different collieries of north India (Table-land 2). 
Combustion of coal causes emission of gases which affect plant, animal and 
human life in the vicinity of the power plant (Table-3). 
Geographical Set-up: 
The Aligarh district is situated in I Jttar Pradesh in a fertile agricultural 
plain between the Ganga and the Yamuna rivers. Historically the plain is 
known as 'Doab'. Geographically the district falls between 27 29' N and 
28°11'N latitude and 77°29'E and 78°38'E longitude about 187 meters above 
the sea level. Kasimpur the site of the thermal power plant complex, is located 
in the Morthal Pargana of Koil Tahsil (District) of Aligarh between 27°59'N 
and 28°3'N latitude and 78"8'E and 78°93' E longitude. 
Meteorology: 
Aligarh experiences a dry and tropical monsoon type of climate with the 
seasonal rhythm marked by a north-east to south-west monsoon. Climate wise, 
there are three season's viz., cold weather season (winter), hot weather season 
(summer) and rainy season (monsoon). 
Winter Season (Mid October to Mid March): 
In mid-October, the south-west monsoon starts declining and ceases 
completely by the end of November. In this season, a relatively low pressure 
exists over the Indian seas and causes the wind to blow from the land towards 
the sea. The beginning of winter season is marked by a considerable fall in 
temperature. The mean maximum temperature of November (29.4°C) falls in 
December (21.6°C). The temperature further falls in January (21.0°C) while the 
average minimum monthly mean temperature falls from 13.1°C to 6.9"C in 
December and to 7.0°C in January. In these months, nights are very cold but 
days are comparatively warmer. The early mornings are foggy in December 
and January. 
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The wind direction during winter is predominantly from east and south-
east to west and north-west (Fig-1). The winds are very Hght and blow 
generally at an average speed of 7 km hour"' (Table-4). The winds are mostly 
dry and of continental origin. By the end of February, the temperature begins to 
rise rapidly and is followed by hot weather of summer. 
Summer Season (Mid March to Mid June): 
This season begins in March and continues until late June. The 
beginning is marked by an appreciable rise in temperature and a decrease in 
pressure until May. Due to wide range of temperature during the summer 
months, days are very warm and nights relatively pleasant. The maximum and 
minimum temperatures in March are 30.9°C and 14.1°C, respectively. In May 
and June, the maximum temperature continues to be as high as 38.2°C to 
39.1°C. In May, days are characterized by hot and dry air that blows hard. The 
relative humidity declines from 64.6% in March to 44.6% in April (Fig-3). 
The wind velocity increases steadily from March, when the average 
wind speed is about 6.81 km hour"'' and reaches the maximum (8.87 km hour"') 
in June (Table-4). Nights are usually calm, but wind blowing increases rapidly 
from 8 a.m. to 2 p.m., becoming a gale during 10 a.m. to 12 noon. It falls 
rapidly by 5 p.m. and becomes very light or nearly calm in the evening. The 
short lived dust and thunder storms, often accompanied by small amount of 
rains, are frequent in the afternoons or even during the nights of the summer 
season. The wind velocity reaches 50-60 km hour" . The frequency and strength 
of such storms increase with the advancing season. The rains are, however, 
rare, sporadic, short-lived and variable in amounts. The total rain fall during the 
summer (mid March to mid June) is 55.4 mm. The velocities of wind in 
different directions are highly variable in summer season (Fig-2). 
Monsoon Season (mid June to mid October): 
In the late June, arrival of oceanic currents in the form of monsoon 
causes the atmospheric temperature to fall and the air to become cooler and 
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pleasant than summer. The average maximum and minimum temperature 
ranges from 39.1°C-26.2°C in June to 33.5"C-25.l"C in July. The relative 
humidity increases from 57.8% in June to 83.2% in July. The clouds generally 
overcast the troposphere during the whole season with occasional clearing. The 
time of the onset and retreat of the monsoon varies from year to year. It 
cenerallv rains from the late June or earl^ JuW until Se^tem^ber or mid of 
October. The heaviest downpour of the season is recorded to be about 236.0 
mm during August. Frequencies of wind in different directions in monsoon 
season are variable (Fig-3). 
The experiments performed are divided into three sections: 
Section-I 
Experiment 1: Histopathological responses of tomato (Lycopersicon esculentum) 
towards root-knot nematode {Meloidogyne incognita) 
Experiment 2: Effect of different inoculum levels oi Meloidogyne incognita on 
growth and yield of Lycopersicon esculentum, and internal structures 
of infected roots 
Experiment 3: Histological interaction of Paecilomyces lilacinus, Cassia tor a and 
Meloidogyne incognita on tomato {Lycopersicon esculentum) 
Section-II 
Experiment 4: Effect of tly ash amended soil on root knot nematode {Meloidogyne 
incognita) and growth of Lycopersicon esculentum. 
Experiments: Effect of Cassia tor a and Paecilomyces lilacinus on 
Meloidogyne incognita infecting tomato grown in fly Ash 
amended soil. 
Section-Ill 
Experiment 6: Control of root-knot nematode, Meloidogyne incognita infecting 
tomato {Lycopersicon esculentum) by organic amendments and 
botanicals of Cassia tora. 
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REVIEW OF LITERATURE 
The nematodes are highly diversified and perhaps the most numerous 
muiticeliular animals in our biosphere. They lead their life as tree living 
organisms in marine water, fresh water, and soil or as parasites of different 
kinds of plants and animals. The species parasitic on plants are of considerable 
significance in the field of agriculture. They exhibit three different kinds of 
parasitic behaviors: ecoparasitism, semi-endoparasitism and endoparasitism 
that lead to enormous crop losses. Among endoparasites, the species of 
Meloidogyne, Heterodera and Glohodera are the major pests of agricultural 
importance. Four species of Meloidogyne, M. incognita, M. javanica, M. 
arenaria and M. hapla described by Chitwood (1949) are considered as most 
destructive and widespread because of their cosmopolitan occurrence and 
extensive host range. The root-knot nematodes {Meloidogyne spp.) have been 
reported to cause an annual loss up to 29 % in tomato; 23 % in egg plant; 22 % 
in okra; 28 % in beans and so on, that may vary from crop to crop and country 
to country (Sasser, 1979). The crop losses of vegetables caused by root-knot 
nematode alone vary from 25 to 29 % depending upon the method of 
cultivation, seasons, and the cropping system followed {Sasser, 1980). Since 
phyto-parasitic nematodes reduce the growth and yield of crop plants, 
therefore, growers have to suffer a lot. 
The management of plant parasitic nematodes started with introduction 
of Chloropicrin in 1919 (Singh and Sitaramiah, 1973) and since then several 
kinds of nematicides, both fumigant and non-fumigant, have been formulated 
and recommended to reduce the population of plant parasitic nematodes, in 
agricultural soils. Majority of the nematicides have been found to cause 
adverse impacts on the environment, and almost all of them are harmful 
towards man and animals. To overcome the adverse impacts of chemical 
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pesticides, in the recent years, scientists have taken interest in developing non-
synthetic, biological, and biochemical pesticides for the management of plant 
parasitic nematodes. The endeavors are on to work out a strategy for safe and 
complete management of phytoparasitic nematodes. 
The biological control strategy is based on exploitation of iiving 
organisms for reducing the pest population. For the last several years, the 
potential of the microorganisms has attracted attention of the researchers on 
this aspect. Lohde (1874) for the first time suggested about the possible 
implications of parasites and predators attacking soil inhabiting nematodes. 
Several observational records on the aspect of soil inhabiting nematode 
predation have been prepared by Cobb (1920); Thorn (1927); Dolfus (1946); 
Lowenberg et al (1959). Some pot trials (Linford, and Oliveira, 1938) and field 
trials (Duddingten, 1957) were also performed to determine efficacy of 
biocontrol agents for the management of plant parasitic nematodes. 
Paecilomyces lilacinus: 
Paecilomyces lilacinus, a common naturally occurring saprophyte, is 
distributed worldwide. It is isolated fromi soil and decaying plant material and 
has often been found associated with decaying food products and cosmetics. 
Various strains of P. lilacinus have been repeatedly isolated from insect larvae. 
The first strain was isolated from egg-pouches of Meloidogyne species, in Peru 
(Jatala, 1982). It has been naturally evolved over a period of time to attack 
nematodes as well as their eggs without causing any harm to the plant species. 
It does not damage any other organism belonging to microflora or microfauna. 
Moreover, the soil retains its natural strength and the plants are not deprived of 
the nutrients. The spores of P. lilacinus after germination, attack the eggs of M 
incognita^ destroy them and ultimately kill the first stage-juveniles before 
molting into second-stage. 
Paecilomyces lilacinus may infect adults of different phytoparasitic 
nematodes. The fungus after coming in contact with the nematodes, at any 
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developmental stage, proliferates in their body and eventually kills them. There 
are several species of Paecilomyces, of which, the most common are P. 
lilacinus and P. variotii. The species are identified on the basis of some 
microscopic features and morphology of their colonies. Thermophilicity is 
another feature that helps in species identification. For instance, P. crustaceus 
grov/s v/ell at a temperature as high as 50°C and possibly at 60"C. 
Paecilomyces lilacinus has a wide range of habitats including cultivated 
soils, forests, grassland, deserts, estuarine sediments and sewage sludge. In 
addition, it has frequently been isolated from rhizosphere of many crop plants. 
The species grow well between 26-30°C temperatures. It also has a wide pH 
tolerance and can grow on a variety of substrates (Samson, 1974b; Domsch et 
al, 1980). 
It has been classified with the Fungi Imperfect! or Deuteromycetes, in 
which perfect (i.e., sexually reproducing) states have rarely been found. The 
last major revision of the genus Paecilomyces was carried out in 1974a by 
Samson. It forms a dense mycelium. The conidiophores bear phialides at the 
ends of which spores are formed in the form of long chains. Spores germinate 
when suitable moisture and nutrients are available. Colonies on malt agar grow 
faster attaining a diameter of 5-7 cm within 14 days at 25°C. The colonies 
consist of a basal felt with a floccose overgrowth of aerial mycelium. At first 
the mycelium is white, but at the time of sporulation it changes to vinaceous 
shades. The reverse side is sometimes uncolored but usually has vinaceous 
shades. The vegetative hyphae are smooth-walled, hayaline, and 2.5-4.0 |im 
wide. The conidiophores arising from submerged hyphae have 400-600 ^m 
length, or from aerial hyphae having half the length. Phialides have a swollen 
basal part which tapers into a thin distinct neck. Conidia in divergent chains, 
ellipsoid to fusiform, smooth walled to slightly roughen, have been observed. 
Many enzymes are produced by P. lilacinus. A basic serine protease 
with biological activity against Meloidogyne hapla eggs has been identified by 
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Bonants et ciL, (1995). One strain of P. lilacinus secretes protease and chitinase 
enzymes that weaken the nematode egg shell and enables it to form a narrow 
infection peg to push through (Khan et al, 2004). Before causing infection in 
nematode egg, P. lilacinus flattens the egg surface and becomes closely 
appressed to it. The fungus produces simple appressoria anywhere on the 
or after a network of hyphae is formed on the surface of the egg. The presence 
of appressoria appears to indicate that the egg is, or is about to be, infected. 
Adhesion between the appressorium and nematode egg surface must be strong 
enough to withstand the opposing force produced by the extending tip of 
penetrating hyphae (Money, 1998). When the hyphae have penetrated the egg, 
they rapidly destroy the first-stage juvenile within. 
Paecilomyces lilacinus penetrates the egg of Meloidogyne at much faster 
rate than it does in Globodera or Naccobus (Siddiqui and Mahmmod, 1996). It 
causes egg deformation in M incognita with the help of diffusible toxic 
metabolites (Jatala, 1885). Infection of eggs v/ith the fungus causes alteration 
in cuticular structure because of enzymatic activity that supports hyphal 
penetration. It results either in increase in egg-shell permeability or causes 
perforation in the cuticle which allows seepage or free movement of diffusible 
metabolites (Jatala, 1986). Isogai et al., (1980) reported that P. lilacinus 
produced a peptidal antibiotic P-168 which had a wide antimicrobial effects on 
fungi, yeast and gram negative bacteria. Roman and Rodrigues (1985) 
investigated the effects of P. lilacinus on the larval development by M 
incognita on tomato and found that the fungus controlled the nematodes and 
reduced root-knot formation. Fewer larvae were found in soil and roots of 
plants inoculated with the fungus. 
Culbreth et al., (1986) did not find any effect of P. lilacinus on M 
arenaria infecting Cucurbita pepo. However, root galling decreased when 
chitin was mixed with P. lilacinus. Jimenez and Gallo (1988) found that P. 
lilacinus infected the females of M incognita, M.javanica and M. arenaria and 
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their eggs under glass house conditions. Sharma et oL, (1989) stated that P 
lilacinus, acted on M. incognita in a better way than any other commonly used 
nematicide under field infestation. Khan and Esfahani (1990) studied the 
efficacy of P. lilacinus for controlling M javanica on tomato in green house 
conditions, and found that root galling and egg mass productions were greatly 
reduced. 
In the experiments in which P. lilacinus was used to mange the 
nematode, the fungus was more effective when inoculated simultaneously or 
the fungus preceded the nematodes in sequential inoculation (Khan, and 
Goswami, 2002). Inoculation with 8 g of P. lilacinus was more effective in 
improving plant growth parameters and maintaining low gall index and number 
of eggs per egg mass (Bhat and Mahmood, 2000). Inoculation with P. lilacinus 
of M. incognita infected tomato plants suppressed number of galls per root 
system and number of eggs per egg mass, compared to seedlings inoculated 
with M. incognita alone. Kiewnick and Sikora (2004) applied P. lilacinus into 
the soil which suppressed soil nematode population and reported that the 
combination of a seedling drench and pre-planting soil treatment of PL 251 
resulted in enhanced bioconirol efficacy. Hisarnuddin ei al, (2007) applied P. 
lilacinus into the soil one week before of nematode inoculation to study its 
effect on nematode population reduction and increase in plant growth. A higher 
percentage, of nematode eggs was found infected by the fungus. Robab (2008) 
noticed that inoculation of P. lilacinus induced resistance against root rot and 
root-knot diseases on Solanum nigrum. 
Botanicals: 
Linford et al., (1938) were the first to study the nematicidal effects of 
chopped pine-apple (Ananas comosus L.) leaves which were used as organic 
amendment against Meloidogyne spp. A list of 2,400 species of plants having 
biologically active compounds, that control pests, has been presented by 
Grainge and Ahmed (1988). Some of the plant species antagonistic to plant 
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parasitic nematodes are Tagetes sp. (Kumari et al., 1986); Eruca sativa (Alam, 
1976); Asparagus officinalis (Rohde and Jenkins, 1958); Azadirachta indica 
(Alam et al., 1977); Crotalaria sp., (Yuhara, 1971; Subramaniyan and 
Yadivelu, 1990); Mentha viridis, Cordia myxa, Anethum graveolens (Haseeb et 
al., 1984); Chenopodiiun ambrosioides (Garcia, 1980); Datura stramonium 
(r^uti ei ai., l i 'ou) , uaiuru sp., (vaupiti uiiu r^aiu, l y o i , rvurrmn ei ai., ivfto); 
Peristrophe bicalyculata, Tragia involucrate, Anthocephalus cadamba 
(Chatterjee and Sukul, 1980); Argemone mexicana (Nath et al., 1982; Alam, 
1986); Vigna sinensis, Cassia fistula (Lai et al.,\911); Ricinus communis (Dutt 
and Bhatti, 1986; Zaki and Bhatti, 1990); Eichhornia crassipes (Siddiqui and 
Alam, 1989, 1990); and Cassia fistula, C. ocidentalis, Crotalaria juncea and 
Sesbania aculata (Singh and Sitaramaiah,1967). 
Neem leaves have been found to be quite efficacious for the control of 
M. incognita on tomato (Roa and Baja, 1984; Vijayalkshmi and Prasad, 1979) 
and Chilli (Akhtar and Alam, 1990b); M. javanica on tomato (Jain and Bhatti, 
1988; Zaki and Bhatti, 1989); mixed population of plant parasitic nematodes on 
tomato (Alam, 1987); eggplant (Haseeb et al, 1978a); Chilli and Potato 
(Akhtar and Alam, 1991). Soil amendment with neem extract had provided 
better control of M. incognita on sugarcane (Salawu, 1992); M javanica on 
chickpea (Ram and Gupta, 1980). Chopped leaves of many weeds successfully 
suppressed the population of plant parasitic nematodes and improved plant 
growth (Alam, 1987). 
An extract from lemon grass {Cymbopogon flexuous) was found to be 
highly toxic to the plant parasitic nematodes (Tiyagi et al., 1886). Leaf extracts 
of other plants such as Azadirachta indica and Eucalyptus citriodora (Khan et 
al., 1994) in green house and field trial had significant effects against plant 
parasitic nematodes (Akhtar and Alam 1990b, 1991, 1993a; Akhtar and 
Mahmood, 1993, 1994a, 1994b, 1995a, b, 1996a, b, c, and d, 1997). Mentha 
spicata, Thymus vulgaris, Origanum majorana, Mentha longifolia were 
effective against different plant parasitic nematodes (Abd-Elgawad and Omer, 
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1995). Saravanapriya and Sivakumar (2005) have reported that seed extract of 
Areca catechu, leaf extracts of Tagetes erecta, Azadirachta indica and 
Calotropis gigantea caused significant inhibition of egg hatch at lower 
concentration of 0.1%. Hussaini et al, (1996) reported that aqueous extract of 
A. indica and Tagetes spp. significantly inhibited the egg hatch of M incognita. 
Prasad and Ahmad (2002) evaluated various botanicals and recorded 
100% mortality of juveniles of Meloidogyne incognita by Calotropis procera 
and Datura stramonium in vivo conditions. Application of plant extracts 
significantly increased the plant growth and decreased the nematode population 
in roots as well as soil (Sukul et al, 2001). Natarajan et al, (2006) observed 
that root gall indices of Z. esculentum treated with T. erecta plant extracts were 
significantly lower than untreated plants. Addition of lOg of Parkia biglobosa 
in soil reduced root galling, improved vegetative growth and fruit number of 
tomato (Yusuf et al, 2006). Soil amended with sickle pod seed meal reduced 
Meloidogyne chitwoodi population and had no adverse effect on tomato plant 
Abbott et al, (1998). Azam and Hisamuddin (2008 and 2009b) reported that 
combined effects of leaf powder of Cassia tora, cow dung, cow urine and goat 
manure successfully managed the root-knot disease and increased grovvth and 
yield of tomato. 
Meloidogyne incognita: 
Root-knot nematodes, Meloidogyne spp. are the most important and best 
understood plant parasitic nematodes. They parasitize more than 2,000 species 
of herbaceous and woody plants belonging to monocotyledons and 
dicotyledons, including wild and cultivated varieties (Webster, 1969, 1975; 
Taylor and Sasser 1978; Hussey, 1985). Meloidogyne sp. has evolved a very 
complex host parasitic relationship that leads to the formation of familiar knots 
or galls on the roots of susceptible host plants resulting in severe growth 
retardation. After penetration the larvae move through the cortex, inter- and 
intra-cellularly. After having reached a favorable position, usually close to the 
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pericycle, and not already colonized by other larvae, they settle and begin to 
feed on the cells surrounding their head. The cell walls are punctured by the 
spear, and secretions from the sub-ventral oesophageal gland ducts are 
probably introduced. The gland ducts, which are at first dilated, become much 
reduced after one or two days. In another two or three days, the oesohageal 
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spherical. As might be expected, with an increase in girth, the nematodes lose 
their ability to migrate and invade roots (Bird, 1969), though larvae that have 
entered unfavorable hosts in which they cannot feed or grow, may move out 
after four to six days and invade another root (de Guiran, 1960). 
Galling in the roots, infected with M. incognita, is mainly due to 
hyperplasia and hypertrophy of root cortex, and partly due to the development 
of giant cells, which the nematode feeds upon. In some host-parasite 
associations there is little or no increase in size of the invaded roots but giant 
cells are invariably formed. These develop from undifferentiated cells, usually 
of pericycle, in response to feeding by the nematodes (Dropkin, 1972). The 
giant cells are multinucleate and have irregularly thickened walls; they are 
regarded as transfer cells (Jones and Northcote, 1972b). Usually four to six 
giant cells are associated with each nematode and their functioning appears to 
be dependent on continuous stimulation by the parasite (Bird, 1962). 
The cross-sectional area of giant cells associated with the female of M 
javanica, in bean roots (Bird2 1972a) averaged about 27xl0'*|im^, four weeks 
after the nematode started feeding, while the average cross-sectional area of the 
nematode remained the same. After four weeks, the size of giant cells declined, 
the nematode began to lay eggs and continued to expand, reaching to a 
dimension of about SSxlO'^ fim .^ In tomato, both giant cells and nematodes 
were smaller but the giant cell size declined after three weeks while the 
nematodes continued to grow. The area of the giant cell nuclei and their DNA 
content also declined just before the egg laying started, three to four weeks 
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after invasion. Heavy galling leads to stunting and relatively greater root to 
shoot ratio. 
The histology of roots infected by Meloidogyne spp. has been 
extensively studied by many investigators. Initially, it appears that an 
epidermal cell is killed by feeding, and probably, due to root secretions more 
nematodes are attracted to this site. Migration into imier root tissue is both 
inter- and intracellular. The cells in the path of migrating larvae become 
slightly enlarged. The size of their nuclei is also increased. Their entry point is 
in the region just behind the meristematic zone, although some departures have 
been reported. Weiser (1955 and 1956) showed that M. hapla was attracted 
towards the roots that were actively growing, however, apical regions of the 
excised roots had repelling response. When Peacock (1961) conducted similar 
experiment, he found that attractiveness lost when apical dominance ceased, 
but he did not observe any repellant action. Meloidogyne larvae are probably 
positively attracted towards plant roots. Massive invasion by larvae takes place 
when a single larva enters the root. 
The migrating larvae remain aligned parallel to the axis of the root with 
their mouth parts in the vascular region. Feeding remains limited to nearby 
vascular parenchyma cells, Vv'hich begin to undergo m.arked changes. Their first 
responses are hypertrophy and hyperplasia in the affected region of the plant. 
Giant cell formation is intimately associated with the maturation of nematode. 
Several workers have shown that highly susceptible plant varieties possess 
several giant cells with large and multiple nuclei, whereas resistant plants 
either permit no giant cell formation or possess small giant cells with small 
number of nuclei. In some plants, such as wild yam, mature females and their 
egg masses are encased in a wound periderm. Larvae that hatch in such 
circumstances are prevented from migration, do not have a food source, and 
presumably die (Taylor, 1967). 
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Development of giant cells depends upon the continued feeding of the 
parasite. If the nematode is removed at any time, the giant cell collapses, 
leaving a cavity. In older roots where the female has spent its life cycle and its 
life span is completed, then cavities are formed together with the giant cell 
formation as a result of hypertrophic and hyperplastic reactions (Taylor, 1967). 
In sweet potato the second-stage juveniles of }vi. incognita entered 
through the surface cracks. The juveniles were also found entering the roots 
anywhere from the root caps to the region of root hair formation (Krusberg and 
Nielsen, 1958). The juveniles entered into the inner tissues of the root by 
thrusting their stylets and simultaneously releasing cellulolytic and pectolytic 
enzymes (Linford, 1942; Bird and Loveys, 1980). 
The penetration of juveniles was followed by intra- and intercellular 
migration in the cortex and the stele. Intercellular migration involved 
separation of cells by dissolving middle lamella. The pectic compounds of 
middle lamella were dissolved by pectolytic enzymes secreted by the juveniles. 
Intercellular migration was suggested by Nemec, (1910); Godfrey and Oliveira 
(1932); Linford (1937, 1942); Endo and Wergin (1973) and Jones and Payne 
(1978). Inter- and intracellular migration of second-stage juveniles has been 
observed by several workers (Christie, 1936; Krusberg and Nielsen, 1958; 
Bird, 1959, 1960, 1962; Siddiqui and Taylor, 1970; Siddiqui, 1971a, b; Ismail 
et al, 2004; Youssef and EI-Nagdi, 2004). 
Hisamuddin (1992) observed migration of juveniles in two distinct 
manners. Firstly, the juveniles that entered through the root cap migrated 
towards the zone of differentiation. Secondly, the juveniles that entered from 
anywhere other than the root cap migrated towards the root tip, or towards the 
central core, or towards the zone of differentiation. The juveniles going 
towards the root tip turned around and finally targeted the zone of 
differentiation. After penetration and migration, the juveniles settled in the 
region of cell elongation or differentiation and caused the formation of giant 
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cells (Godfrey and Oliveira, 1932; Chirstie, 1936; Linford, 1939; 1942; 
Peacock, 1959, 1969; Moutain, 1960; Green, 1971; Siddiqui. 1971; Prot, 1980; 
Jones and Northcote 1972; Huang, 1986; Doyle et al, 2003). 
The giant cells are highly specialized transfer cells induced and 
maintained by the feeding oi MelGidogyne spp. Bird (1962) demonstrated that 
induction and development of the giant cells in tomato roots depended on the 
presence of the nematode. He further showed that the functional giant cells 
were essential for the development and survival of the nematode. Hussey and 
Sasser, (1973) detected enzyme peroxidases in the stylet exudates of M 
incognita females and suggested that these enzymes were involved in giant cell 
induction and its maintenance. The giant cells are the specialized transfer cells 
from where the developing nematodes get nutrition and towards which the 
metabolites are translocated by the host plant. There are ample evidences 
indicating that transfer cells are metabolically hyperactive cells and are 
essential for the development of the nematode (Bird, 1961; Littrel, 1966; Veech 
and Endo, 1969; Veech and Endo, 1969; Webster, 1969; Endo, 1971; Dropkin, 
1972; Gommers and Dropkin, 1977; Pasha 1990; Hisamuddin, 1992). Primary 
phloem and adjacent parenchyma are the highly preferred tissues for the 
induction of giant cells (Christie, 1936; Krusberg and Nielsen, 1958; Byrne et 
al, 1977). 
Beille (1898) was the first who proposed that the giant cells were 
formed by the disintegration of cell walls and coalescence of neighboring cells 
in papaya roots. Formation of giant cells through cell wall breakdown and 
subsequent cytoplasmic fusion was not proved convincingly although it was 
supported by several workers (Kostoff and Kendall, 1930; Christie, 1936; 
Krusberg and Nielsen, 1958; Dropkin and Nelson, 1960; Bird, 1961; 1972; 
Owens and Specht, 1964; Smith and Mai, 1965 and Littrell, 1966). 
In 1902, Tischler, proposed that the giant cells become multinucleate 
due to mitotic divisions in the nuclei. Nemec (1910) found that when the head 
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region of the juvenile reached the plerome, then most of the cells became 
enlarged. The cytoplasmic contents of these cells were increased and their 
nuclei were divided without the formation of cell wall and thus the giant cells 
became multinucleate. 
In 1969(a) Huang and JMaggenti dem.onstrated that metaphase 
chromosome number of giant cells, in yicia faba infected with M. incognita, 
followed the geometric progression 2n, 4n 8n, 16n, 32n, (24, 48, 96, 192, 384, 
respectively). Multinucleate giant cells, according to them, were most likely 
formed through repeated endo-mitosis without cytokinesis. They hypothesized 
that involvement of cytoplasmic coalescence in the formation of giant cells was 
unlikely otherwise increase in chromosome number would follow arithmetic 
progression. Bird (1973) who worked on Vicia faba to ascertain the 
chromosome number and the ploidy sequence, as given by Huang and 
Maggenti (1969a), could not find true ploidy sequence and argued that wall 
breakdown was also involved in multinucleation. Wiggers et ai, (1990) 
proposed that the number of nuclei in Meloidogyne-'mduccd giant cells should 
be the result of regular mathematical progression of nuclear division, with 
possible variations to abnormal division of genetic material. 
Jones and Payne (1978) critically studied giant cell formation 
immediately after infection on Impatiens balsamina roots by Meloidogyne spp. 
Cell wall breakdown, after 24 h of inoculation, was not observed while mitotic 
events were frequently seen. After 48 hours, 2, 4, and 8 nuclei were observed in 
the cell near the nematode head. There was no sign of cell wall breakdown in 
early stages of giant cell formation. This view of repeated endomitoses without 
cytokinesis in giant cell formation after infection of Meloidognye spp. has been 
supported by Endo (1987); Pasha (1987); Hisamuddin (1992). According to 
Taylor (1990) and Abavi and Chen (1998) the giant cells contain higher levels 
of total protein, amino acid, lipid, DNA and sugar contents. In the giant cells of 
root-knot nematode infected sweet potato roots, the nuclei varied in size, shape 
and other characteristic. Some nuclei in the giant cells were much larger than 
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the nuclei of neighboring unaffected cells. The shapes of the nuclei were non-
uniform like spherical, pyriform, elongated, dumb-bell shaped and sometimes 
lobed that possessed projections (Krusberg and Nielsen, 1958). The nuclear 
enlargement was either due to swelling or due to fusion (Owens and Specht, 
1964; Rubinstein and Owens, 1964). About 10 to 12 fold increase in nuclear 
volume in the giant cells of tom.ato (Rubinstein and Owens, 1964) and lobe 
formation in Vicia faba (Huang and Maggenti, 1969a) were reported. Highly 
enlarged nuclei and nucleoli having irregular shapes in many host plants were 
seen by a number of workers (Tischler, 1902; Davis and .Jenkins, 1960; 
Dropkin and Nelson, 1960; Paulson and Webster, 1970; Siddiqui and Taylor, 
1970; Siddiqui, 1971; Jones and Payne, 1978). In Okra, the nuclei in the giant 
cells were very large (EI-Nagdi and Youssef, 2004). 
The giant cells induced by the root-knot nematode varied considerably 
in size shape and cytology. Smaller giant cells, in a giant cell complex, are 
usually more vacuolated than larger giant cells. Christie (1936) observed highly 
vacuolated smaller giant cells containing a little homogeneously dispersed 
cytoplasmic content. In general, the giant cells contain dense and granular 
cytoplasm as has been observed in many plants (Christie, 1936; Owens and 
Specht, 1964; Healed, 1969; Riffle, 1973). In Luffa cylindrica, at the time of 
induction of giant cell, the size of the cell increased enormously. The rate of 
synthesis of cytoplasmic contents lagged behind the rate of expansion of giant 
cell. After one week of giant cell induction, the cytoplasmic contents became 
very dense and granular. After two weeks, some smaller giant cells became 
vacuolated. After three weeks, vacuolation was also observed in larger giant 
cells (Hisamuddin, 1992). 
Christie (1936) found infection in vascular elements and reported 
disruption in vascular strands and formation of abnomial xylem. In the roots of 
sweet potato, Krusberg and Nielsen (1958) noticed abnormal xylem at the site 
of infection. Abnormal vessel elements of various shapes, depending upon the 
shape of parenchyma cells, were found. The parenchyma cells adjacent to the 
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giant cell complex changed into vessel like elements by the deposition of 
secondary cell wall material in the fonn of annular and spiral thickenings. 
Some of the transforming parenchyma cells also enclosed nuclei (Hisamuddin, 
1992). 
In Gardenia roots, infected with M. mcognita, the vascular strands were 
found disrupted due to development of the nematode and fonriation of the giant 
cells. The vascular strands occurred as irregular patches at infection sites 
(Davis and Jenkins, 1960). Disruption of vascular tissues in balsam (Odihirin 
and Jenkins, 1965); in Zingiber (Huang, 1966) in peony roots (Eversmeyer and 
Dickerson, 1966), in basella (Swamy and Krisnamurthy, 1971), in tomato 
(Farooq, 1973) have been reported. 
In Meloidogyne incognita infected roots of Lagenaria leucantha 
(Siddqui and Ghouse 1975), primary phloem was destroyed at infection site, 
and new but abnormal phloem comprising mainly of parenchyma and few sieve 
tube elements was formed. In the primary roots of Glycine max, nearly all the 
second-stage juveniles of M incognita selected primary phloem or adjacent 
stelar parenchyma at the feeding sites (Byrne et al., 1977). The second-stage 
juveniles of M chitwoodi were found embedded in the phloem of sweet potato 
(Finley, 1981). Abnormal xylem in the form, of scattered patches was observed 
in M. incognita infected root of Solanum melongena (Pasha et al, 1987). 
Disruption of vascular elements as a result of root-knot nematode infection has 
been reported by Fawole (1988) in white yam; Kim and Ohh (1990) in tomato; 
Sharma and Tiabi (1989) in pea; Patel and Patel (1991) in Vigna cymopsis; 
Hussain et al., (1992) in tomato and brinjal. 
Hisamuddin and Siddiqui (1992) observed intercellular migration of M 
incognita juveniles and emphasized that their feeding site was the protophloem 
originating from procambium. They did not find any disruption in the vascular 
strands. Volvas and Sasnelli (1993) reported cambium fonnation at the feeding 
site of Meloidogyne juveniles in the roots of Helianthus. 
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Metabolic processes like uptake of water and minerals, translocation of 
water and solutes, photosynthesis, respiration and cell division of the host plant 
are altered by the root-knot nematodes which are manifested in the form of 
chlorosis, stunting and eventually death of the plant. Some of the common 
responses of the affected plant towards nematode infestation are enhanced rate 
of respiration, reduced rate of photosynthesis, excessive protein and nucleic 
acid synthesis, accumulation of metabolites, enhanced enzymatic activity and 
hyperauxinity. 
Biochemical alterations by M incognita in brinjal (Singh et al, 1978) 
comprised of increase in protein, amino acids and phenol contents in infected 
roots over that of healthy roots. Severity in disease symptoms, anatomical 
anomalies and chemical imbalances were found to be influenced by the amount 
of inoculum. Vaishnav and Sethi (1978) found significant reduction in plant 
growth parameters at and above 1,000 larvae per plant. Pant and Sethi (1980) 
reported a progressive decrease in the growth of soybean plant when the 
inoculum level of M incognita increased. A comprehensive study was carried 
out in order to determine the pathogenicity of M. incognita on six cultivars of 
Japanese mint and it was found that initial damage occurred at one juvenile per 
gram of soil with marked reduction in chlorophyll content, rate of 
photosynthesis and oil yield. The rate of nematode reproduction appeared to be 
density dependent (Pandey, 1988; Pandey et al., 1992). Verma and Ali (1993) 
worked out the damaging threshold level of M. incognita on parwal and 
revealed progressive decrease in the plant growth with increase in nematode 
inoculum levels. Vashishth et al, (1994) studied the morphological and 
biochemical responses of black gram cultivars under the influence of M 
incognita and found increased peroxidase activity stimulated by M incognita 
in T-7 followed by B-6 varieties. Significant reductions in protein and 
chlorophyll contents, except in cultivars T-9 and B- 6 were also observed. 
In 1995, Gupta et al, observed that initial inoculum of 100 larvae of 
Meloidogyne sp. in bitter gourd, smooth gourd, ridge gourd and squash melon 
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significantly reduced the growth parameters. GalHng and nematode 
reproduction were directly related to initial inoculum levels. Haseeb et al., 
(1996) observed decrease in root and shoot length, fresh weight and dry weight, 
chlorophyll content, total sugar, phenol content in leaves, and oil yield of 
Ocimum canum as the inoculum levels were increased. Furthermore, root gall 
index was directly proportional to the population density. Fazal et al., (1996) 
determined threshold levels of M incognita and R. reniformis on black gram as 
1,000 J2 and 1,000 immature females, respectively. Nagesh (1996) reported 
significant reduction in plant growth and yield characteristics of potato as a 
result of root-knot infection. Samathanam and Sethi (1996) observed 0.5 larvae 
per gram soil as minimum threshold of M incognita for mungbean. 
Increase in initial inoculum level of plant parasitic nematodes caused 
higher reduction in fresh and dry weights of the plants, oil yield, chlorophyll, 
total sugar, and phenol contents in Mentha citrata (Shukla and Haseeb, 1998). 
Ramakrishnan and Rajendran (1998) observed highest percent reduction in root 
length, root weight and shoot weight of papaya {Carica papaya L.) plants at 
1,000J2 of M incognita. Perveen et al, (1998) reported significant reductions 
in root and shoot length, root and shoot fresh and dry weight of pigeon pea at 
mJnimjjm initial inoculum level (5OJ2 per pot) and the reduction in growth 
parameters with increase in initial inoculum level. Significant reduction in 
height, weight of roots, rhizome and total biomass of ginger, variety 
"Himachal", occurred at different inoculum levels. The yield of rhizomes 
significantly reduced even at lowest nematode inoculum level of Pi=0.2J2 per 
lOOcc soil (Ramana et al, 1998). Poomima and Vadivelu (1998) reported 
stunted growth and reduced shoot weight in turmeric {Curcuma longa L.) cvs 
BSR-1 and Pts-lO at 5,000 and 10,000J2 of M incognita (Race-3) per plant. 
Reduction in levels of protein, carbohydrate, chlorophyll a, b and total 
chlorophyll and rhizome curcumin level in plants inoculated with 10,000 
juveniles was also reported by these workers. Sharma et al, (1999) observed 
significant reductions in growth of groundnut at 1,000 and 10,000 nematodes 
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per plant. Higher inoculum levels of M incognita produced maximum number 
of galls and resulted in significant reduction in growth of Allium porrum L. 
(Rombati and Dhanachand, 2000). A negative correlation between nematode 
multiplication and inoculum level was also observed by these workers. 
Singh and Goswami (2000) reported significant growth reduction over 
control in cowpea with an initial population of 1,000 nematodes per 500g soil. 
Plant growth characters in cauliflower were adversely affected with an increase 
in the levels of inoculum from 50 to 10,000 juveniles/kg soil (Pathak et al, 
2000). The significant reductions in growth characters were noticed at and 
above the level of 500 nematodes per kg soil. Jonathan and Rajendran (2000) 
carried out pathogenicity tests of root-knot nematode on banana in green house 
conditions and reported that significant reduction in plant growth parameters 
occurred at 1,000 and 10,000 juveniles per kg soil. Reduction in multiplication 
of the nematodes with increase in inoculum level was also observed. 
Significant reduction in plant growth and number of storage roots in cassava 
decreased when plants were inoculated with M incognita even 88 days after 
plantation (Makumbi-Kidza et al, 2000). Ploeg and Phillips (2001) observed 
decreased melon fruit yields with increasing pre-plant nematode levels. 
Maximum reduction in plant height, root length and root weight of sunflower 
plants was recorded at 2,500J2 (Bhatt et al, 2001). 
The root-knot nematode Meloidogyne incognita correspondingly 
decreased the photosynthetic leaf area, petal area fresh as well as dry weight of 
flowers and oil contents of rose with increase in inoculum levels (Tiyagi et al, 
2001). Reduction in growth and bulb weight of yellow Granex onion infected 
with rice root-knot nematode has been reported by Gergon et al, (2002). Nehra 
and Trivedi (2002) carried out pathogenicity test on ginger with M. incognita 
and found a gradual decrease in length of the roots, shoots and rhizome weight 
with increase in nematode inoculum levels. The highest reduction in rhizome 
yield was caused at highest inoculum level (10,000 larvae per pot). In Balsam 
{Impatiens balsamina L.), significant reduction in plant growth at 
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l,000J2/l,000cc soil was reported by Khan (2003). Haider et aL, (2003), while 
carrying out comparative pathogenicity tests of root-knot nematode, M. 
incognita, on different pulse crops viz., mung bean, urd, lentil, Lathyrus, 
French bean and pea. They found significant reduction in growth characters of 
pulse crops. Maximum decrease occurred in Lathyrus while minimum in 
French bean at 10,000J2 level. 
Root and shoot lengths, fresh and dry weights of tomato {Lycopersicon 
esculentum var Shiva-2) plants decreased with the increase in inoculum levels 
(Satyandar et al., 2003). Sheela et aL, (2003) reported 50 to 75 percent 
reduction in leaf yield of coriander {Eryngium foetidum L.) at an initial 
population of 200 to 300 larvae of M. incognita per 250g soil sample. 
Reduction in leaf size of plants was also reported by them. Drastic reduction in 
yield and large characteristic gall formation in Gherkin {Cucumis anguria L.) 
has been reported by Gowda et aL, (2003). Khan (2003) reported significant 
reduction in weight of onion bulbs at 1 to 10 juveniles/500cc soil. Significant 
reduction in length, fresh as well as dry weight and yield of Papaver rhoeas 
and Eclipta alba, as a result of M. incognita infection has been reported by 
Hisamuddin et aL, (2003, 2004). Youssef and El-Nagdi (2004) observed 
significant reduction in plant growth and yield of faba bean (Viciafaba L.) at 
the highest inoculum level, i.e., 10,000 juveniles of M incognita. 
Reduction in plant growth of tomato cultivars (Peshwari and Roma) has 
been reported by Pathan et aL,(2004). Khan et aL, (2004) while observing the 
pathogenic effect of M incognita on cucurbits suggested that an increase in the 
level of inoculum showed a progressive increase in host infestation. It was 
indicated by the number of galls and rate of nematode multiplication. 
Maximum nematode population in all the tested plants was observed at the 
lowest inoculum density and vice-versa. Reduction in growth of bottle guord 
and red gourd was recorded at an initial inoculum level of 1,000 J2 / kg of soil 
of M. javanica, which was the damaging threshold level. Similarly, the 
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damaging threshold level of M javanica on sponge gourd and bitter gourd 
were recorded at inoculum levels of 5000 and 2,000.12/ kg soil. 
Kumar and Pathak (2004) while working on spinach, beet {Beta 
vulgaris) and fenugreek {Trigonella foenum-graecum) observed significant 
reduction in the plant growtli characters of both plants at SOOJo/kg soil and 
higher levels. Increase in number of galls and total nematode population with 
increase in inoculum level from 50 to 5,000 nematode/kg soil was also 
observed by these workers. Kheir et al, (2004) found significant reduction in 
plant growth parameters of certain banana cultivars, especially at the level of 
1,000 juveniles per plant and upwards. Hisamuddin et al, (2005) reported 
significant reduction in dry weight and chlorophyll content of Phaseolus 
mungo inoculated with 1,000J2 of M incognita. A progressive increase in plant 
growth reduction of lettuce (Lactuca sativa) with an increase in inoculum level 
of M incognita from 250 to 8,000 J2 per plant was reported by Khan and 
Ashraf (2005). Azam (2008) reported significant and greatest reduction in plant 
growth and yield at highest inoculum level of 5,000 J2 on tomato plants. Niyaz 
and Hisamuddin (2008) found a progressive increase in nematode inoculum 
with decrease in plant growth and yield of Eclipta alba. Significant and highest 
in plant growth and yield was noticed when plants were inoculated 
with 20,000 juveniles of M incognita. 
Fly Ash: 
Pollution is an undesirable change in the physical, chemical or 
biological characteristics of our, land and water that may or will harmfully 
affect human life or that of desirable species, our industrials processes, living 
conditions and culture assets, or that may or will waste or deteriorate our raw 
materials (Odum, 1971). The agent or the material that causes pollution is 
termed as pollutant. A pollutant can be any chemical of geochemical substance, 
biological organism or its product, released into the environment with actual or 
potential adverse, harmful or unpleasant and inconvenient effects. 
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Air pollution is increasing tremendously due to industrial and other 
activities including power generation plants and transportation. The major 
particulate air pollutants are coal dust, fly ash, lime dust, cement dust or 
particulate matter released from various metal processing units. The 
concentration of particulate air pollutants ranges from 40 to 44% in India (Das, 
1986), The particulate matter is settled down on aerial parts of plants and 
causes damage to them. Chlorosis, necrosis and death of the affected tissues are 
the consequences of heavy depositions of particulate air pollutants. Increase in 
leaf temperature, rate of transpiration, and decrease in rate of photosynthesis 
are caused by the deposition of particulate matters (Darley, 1966; Flucker et 
al, 1978; Mishra and Shukla, 1986; Vora and Bhatnagar 1997). Heck et ai, 
(1970) noticed that emission of particulate materials from different sources 
caused reduction in the quality of the vegetables and the fruits growing in close 
proximity of the source. A linear relationship between the doses of cement dust 
pollutant and transpiration rate, chlorophyll contents and productivity of crop 
plants has been advocated by Singh and Rao (1981). The percentage of number 
of stomata per leaf in conifers increased with the decrease in distance from the 
source of particulate emission (Durasovic and Tatjana, 1997). The deposition 
of fly ash on leaves retarded the rate of transpiration and photosynthesis (Gupta 
et al., 2002). 
Fly ash, emanating from the thermal power plants, where coal is used as 
the source of fuel, is a major cause of ambient pollution, and such pollution is 
one of the great concerns in developing countries (Das, 1986). Increased use of 
coal as a primary source of energy especially in the countries like India, which 
have sufficient coal reserves are expected to release more quantities of fly ash 
as a waste product. 
The fly ash emitted from coal based thermal power plants is conveyed to 
large pits, specially prepared for this purpose, or stacked in the form of 
mounds. From these dumping places fly ash spreads by wind into surrounding 
areas where it alters the physico-chemical characteristics of the soil. It also 
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affects vegetation depending upon the extent of deposition. Due to increasing 
costs of disposing off of the fly ash, there is an urgent need to find out its 
potential uses. One such use is land application with an aim to improve 
physical or chemical properties of soil. Various researches have carried out 
experiments to ascertain the presence of essential plant nutrients in fly ash that 
could improve soil health and increase plant growth, yield and leaf pigment of 
pulse and vegetable crops (Das et a/., 1990; Rodgers and Anderson, 1995 and 
Yihmet,al., 1997). 
Scanlon and Duggan (1979) showed that the seedlings of some trees 
and shrubs grew well in fly ash amended soil. The addition of fly ash improved 
the nutrient status of soil and neutralized soil acidity to a level suitable for 
agriculture, depending upon the initial pH of the soil (Moliner and Street, 
1982). The low rates of fly ash dusting increased plant height, dry weight, 
metabolic rate and amount of photosynthetic pigments of Zea mays L. and 
Glycine max L. (Mishra and Shukla, 1986). (Wong and Wong, 1989) found that 
seed germination and growth of Brassica paracinensis were enhanced in sandy 
soil amended with 3 to 6 % fly ash. But at higher concentration of fly ash i.e., 
12 to 30 % seed germj'nation rate was reduced. Khan and Khan (1996) reported 
growth promoting effects of fly ash on tomato plants. They observed that soil 
application of fly ash (40% v/v) enhanced the yield and market value of tomato 
by 18 and 30%, respectively. In Agropyron elongatum, improvement in 
seedling emergence and dry weight v/as observed due to addition of fly ash in 
the soil (Wong and Su, 1997). Karpate and Choudhary (1997) reported that 
plants irrigated with fly ash water or grown in fly ash amended soil showed 
improved growth at lower concentrations (25 and 50% of fly ash water and fly 
ash). The higher concentrations (75 and 100%) showed deleterious effects. 
Kumar et al, (1998) suggested that A% addition of fly ash resulted in higher 
grain yield of rice. 
Germination of fresh and one year old teak drupes was studied in fly ash 
incorporated nursery mixtures by Masilamani and Dharmalingan (1999). The 
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mixed sand and fly ash nursery medium increased the rate of germination and 
boosted seedling vigour, whereas fl.y ash alone proved to be inhibitory. A 
mixture of factory sludge and fly ash, when incorporated at transplanting time, 
was found more effective in increasing yield (79%) of rice rather than 
applying it 30 days before transplanting the seedling (Karmakar et al., 2001). 
The application of fly ash at 40t/ha in conjunction with phosphate solublising 
bacteria Pseudomonas striata improved the yield of soybean (Gaind and Gaur, 
2002). Enhancement in plant biomass, photosynthetic pigments, protein 
content, and in vivo nitrate reductase activity of Prosopis jidiflora L., grown on 
ameliorated fly ash was enhanced, in comparison to un-amended or garden soil 
(Rai et al, 2004). 
Singh and Lone (2004) reported enhanced chlorophyll harvest, specific 
leaf weight, plant fresh and dry weight of two mustard cultivars Pusa Bihar 
and Varuna under irrigated and drought conditions by applying 20% fly ash to 
the soil. In most countries, application of fly ash in agriculture land is not 
common because high ash concentration causes deterioration in soil properties 
and depression in plant growth (Hodgson and Holliday, 1966; Adriano et al, 
108m 
There are several reports that the dust from various origins interferes in 
stomata functioning (i) by filling and clogging the stomatal aperture (Ricks and 
Williams, 1974; Fluckiger et al, 1978), (ii) increasing leaf temperature and the 
rate of transpiration (Beasley, 1942; Eveling, 1969; Eller, 1977; Fluckiger e? a/ 
., 1978), (iii) reducing rate of photosynthesis (Darley, 1966), and(iv) increasing 
rate of uptake of gaseous air pollutants (Ricks and Williams, 1974). All these 
factors are responsible in deteriorating the growth of the plants as has 
mentioned by Thomas et al, ( 1952); Middleton et al, (1958); Pack et al, 
(1959); Schuck and Locke (1970); Shimshon et al, (1975). Harmful effects of 
saline aerosol deposition in the fields of maize and soybean have been reported 
by Mulchi and Armbruster (1981). 
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Amendment of soil with fly ash, reduced microbial respiration (Wong 
mortality in chickpea and lentil seedlings (Singh, 1989). Pasha et al, (1990) 
observed that 10% and 25% fly ash enhanced growth of cucumber plants but 
higher levels (50-100%) proved to be toxic to plants, which suppressed plant 
growth and decreased chlorophyll contents of leaves. Pandey et al; (1994) 
observed improved growth in sunflower {Helianthus annus L.) grown in soil 
treated with 1, 1.5 and 2kg fly ash. The leaf area of the treated plants was 
increased and at low fly ash application, 20% increase in relative growth rate 
(RGR) and net assimilation rate (NAR) was noticed. 
The feasibility of the application of fly ash-compost mixture to soils, for 
the availability and uptake of various elements, in com {Zea mays L.) was 
studied by Ghuman et al, (1994). The plants were grown in soil alone, soil 
amended with 15% compost, and amended with 2, 5, 10, 15, 20 and 25% of fly 
ash. It was observed that 20-25% fly ash and compost soil ratio treatments 
generally increased plant growth and yield. The fly ash amended soil raised the 
growth response in Beta vulgaris (Singh et al, 1994). The application of fly 
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conductivity of the soil to undesirable levels, whereas in low amount, it favored 
the plant growth and improved the yield. The effect of fly ash amended soil on 
the growth and photosynthesis pigments of Lactuca sativa L. was studied by 
Srivastava et al, (1995) and a marked increase in plant grovv^ th and pigment 
formation was observed at 10% fly ash level. On the contrary 20% and 30%) fly 
ash level caused reduction in plant growth as well as pigment formation. 
Increase in seedling height, plant girth, leaf number, leaf area, and spike 
length, dry weight etc., in wheat plants at 50%) fly ash level was reported by 
Tripathi and Sahu (1997). Tripathi and Tripathi (1998) examined the impact of 
fly ash, light and shade environment on growth and chemical response of 
Albizzia procera and Accacia nilotica and revealed that lower concentration of 
fly ash (i.e. 10%) favored the growth of both plants whereas higher 
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concentrations (30%) showed adverse effects. Fly ash amended soil contributed 
i n p n h a n r p m p n t nf orrwyth r l r v m a t t p r n r n H i i p t i n n nnH n h n t n c v n t h e t i p n i o t n p n t c 
in Phaseoulus aureus (Kumar et al, 1998). Hammermeister et ai, (1998) have 
shown significant increase in the yield of barley silage at intermediate rates (50 
to lOOt/ha) of fly ash application and significant reduction at the rate of 
400t/ha. 
Gupta et al, (2000) revealed that amending fly ash with press mud 
enhanced growth as well as other physiological response chlorophyll, protein, 
in vivo nitrate reductase activity in Leucaena leucocephala, compared to 100% 
fly ash treated plants. Pathan et al., (2003) reported 1.2 to 1.5 fold increase in 
root mass of Cynodon dactylon L (Pers) cv. winter green or left bare in fly ash 
amended soil compared to non-amended soil. 
Fly ash neutralizes the pH of acidic soil up to certain extent and 
decreases ion exchange capacity, water holding capacity and porosity (Jones 
and Straughan 1978: Adriano et al, 1980; Elseewi et al, 1981). Utilizable 
plant nutrient have been found in fly ash, which enriches the soil with macro-
and micronutrients (Druzina et al, 1983). Hammermeister et a/.,(1998) tested 
the potential of fly ash as an agent of soil amendment and discovered that it 
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chemical characteristics of soil as it is generally basic, rich in various essential 
nutrients and available phosphorus (Gupta et al, 2002). Increase in soil salinity 
and elevation in the soil pH to as high as 6.45 of an acidic soil have been 
reported by Adriano et al, (2002). Siddiqui et ai, (2004) revealed fly ash 
addition into the soil increased its porosity, water holding capacity, pH, E.G., 
C.E.C and the contents of sulphate, carbonate, phosphorus, potassium, calcium 
and various trace elements. 
The adverse effects on plants at higher concentrations of fly ash were 
attributed to dibenzofuran and dibenzo-p-dioxin mixture and heavy metals 
detected in fly ash that appeared toxic to the plants (Kamath, 1979: Helder et 
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al, 1982; Mishra and Shukla 1986: Wong and Wong, 1986). Significant 
improvement in plant growth, yield, leaf pigm.ent and oil content of soybean 
plant has been reported at 25% and 50% tly ash. Further increase in fly ash 
level caused suppression of these parameters (Singh, 1993: Singh et al, 1994). 
Srivastava et al, (2002) reported that fly ash amendment up to 50% enhanced 
fresh weight and dry weight of methi (Trigonella foenum-graecum ) plants 
whereas higher levels caused reduction in the same parameters. Aziz and 
Perveen (2003) reported retardation of plant growth characters of Solarium 
nigrum irrigated with concentrated water extracts of fly ash. Suppression in 
plant growth and yield of Pisum sativum plants at higher concentration of fly 
ash has been reported by Singh et al, (2005). 
Kalra et al, (1998) reported that fly ash acted as a soil conditioner and 
fertilizer. In order to evaluate the effects of fly ash incorporation (up to 50t/ha) 
on soil properties and growth and yield of wheat, mustard, rice and maize, 
different experiments were carried out. It was found that the grain yield of 
maize increased in fly ash treated plots with the addition of ash up to a 
maximum of lOt/ha; the yield of wheat grain increased with the addition of ash 
at 20t/ha but declined thereafter; with the addition lOt/ha of ash, rice yield 
remained unaffected whereas improvement in seed yield of mustard was 
observed with fly ash addition at lOt/ha. Bharti et al, (2000) studied the effects 
of fly ash on yield, uptake of nutrient and quality of green gram on vertisol and 
observed highest yield of grain and straw along with highest rate of uptake of 
nutrients with increasing levels of fly ash up to lOt/ha. 
Application of fly ash-mud mixture in proportion 1:1 (w/w) along with 
small amount of inorganic fertilizer promoted radish growth, increased 
reducing sugar and vitamin C content (Xing Shine et al, 2001). Parveen et al, 
(2003) reported increased germination rate, shoot length leaf area and total 
green area of Ocimum sanctum at lower levels of fly ash whereas adverse 
effects pertaining to same parameter were observed at higher levels of fly ash. 
In Mentha citrata, increase in plant length, weight leaf area, chlorophyll 
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content and oil yield of leaves was observed at lower levels of fly ash (10-39%) 
whereas adverse effects regarding the same parameters were observed at higher 
(40-50%) levels (Parveen et al, 2006). Khan et al, (2007) reported that 
addition of low levels fly ash below 50% was beneficial for plants v/hereas 
above 50% was harmful. Niyaz et al, (2008) noticed addition of 35% fly ash 
into the soil enhanced plant growth yield, and chlorophyll content of Eclipta 
alba. Enhancement in growth and yield of lentil was noticed when soil was 
amended with 30% fly ash and significant decrease in reproduction in 
nematode population (Singh et al, 2009). 
In the polluted atmosphere, the plants exposed to the pollutants are 
attacked by various kinds of pathogens. The relationships between the damages 
caused by the pathogens and the pollutants may be synergistic, additive and 
antagonistic (Khan and Khan, 1993). It has been found that certain elements 
such as potassium, phosphorus and boron play important roles in the defense 
mechanism of plants against nematodes (Kirkpatrick et al., 1964: Francois, 
1984). All these elements are amply present in fly ash (Elseewi et al, 1981: 
Druzina et al, 1983: Wong and Wong, 1989). Khan (1989) found that fly ash 
at the concentrations of 10-40%o, increased root penetration of the juveniles and 
root-knot disease intensity on tomato, whereas from 40%) onwards root 
penetration and reproduction of M incognita race-1 was gradually inhibited 
and disease intensity was reduced. 
Singh (1989) observed the responses of fly ash on galling and egg mass 
production by M incognita and M javanica on chickpea and lentil. Suppressed 
growth and yield in presence of nematode and fly ash treated plants was shown 
by both crops in comparison to uninoculated and fly ash treated plants. 
Decrease in soil population of M. javanica at 10-100% fly ash was reported by 
Pasha et al, (1990). Higher concentration of fly ash suppressed the growth and 
development of root nodule bacteria {Bradyrhizobium japonicum) and root-
knot nematode (Meloidogyne Javanica). Singh et al, (1991) noticed that the 
population and development of M. incognita decreased with an increase in the 
concentration of fly ash to 750t/ha (Singh, 1993). Suppression in morphmetrics 
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of M javanica females and egg mass production was observed by Singh (1993) 
and Singh ei a!., (1994). The egg mass production and fecundity gradually 
decreased with increase in concentration of fly ash (0, 10, 20, 30-100% v/v in 
soil) (Khan et al, 1997). Enhancement in plant growth, leaf pigment 
concentration, fruit production, weight of fruit per plant and mean fruit weight 
occurred in both nematodes infected and non-infected tomato plants, being 
maximum in the soil containing 50 or 60% fly ash. The root invasion by 
juveniles, disease intensity and reproduction of the nematode was adversely 
affected by fly ash treatments. 
Hisamuddin et al, (2003) reported enhancement in growth, yield and 
chlorophyll contents of M. incognita inoculated Cicer arietinum plants grown 
in 30 % fly ash in comparison to inoculated plants grown in unamended soil. 
Khan and Ghadipur (2004) tested the feasibility of fly ash as non-conventional 
nematicide-cum-fertilizer through broadcast, row and spot application @ 0.6 
kg/m in order to obtain high productivity of vegetables in the fields infested 
with root-knot nematode, M. incognita. Row or broadcast treatment enhanced 
growth and yield of brinjal, tomato and chilli whereas spot application was 
ineffective in promoting the plant growth and yield. All the three treatment of 
fly ash protected the vegetables from nematode attack. Ash treatments reduced 
disease intensity and checked multiplication of M. incognita. The egg masses 
obtained from the fly ash grown plants contained fever eggs. Row application 
of fly ash greatly enhanced the yield (weight of fruit per plant) of inoculated 
and uninoculated brinjal, tomato and chilli. The fly ash application also 
increased carotenoid and chlorophyll content of leaves. Hisamuddin et al., 
(2005) reported minimum reduction in growth parameters and chlorophyll 
contents of M incognita inoculated Pisum sativum grown at 30%) fly ash level. 
Hisamuddin (2008) found that addition of 30% fly ash into soil, increased 
growth and yield of plants and decreased nematode pathogenicity on Luffa 
aegyptica. Niyaz (2008) observed that application of 30%o of the fly ash into 
soil enhanced plant growth chlorophyll content, oil content of Eclipta alba and 
adversely affected disease intensity in terms of number of galls and 
reproduction of the nematode population. 
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EXPERIMENT 1 
Histopathological responses of tomato (Lycopersicon esculentum) 
towards root-knot nematode {Meloidogyne incognita) 
INTRODUCTION 
The root cells of different plants respond quickly and characteristically 
towards second-stage juveniles of Meloidogyne incognita. After penetration the 
juveniles moved intercellurally towards the region of vascular differentiation 
where they induced the formation of giant cells (Pasha et al, 1992; Parveen 
2006; Niyaz and Hisamuddin, 2008; Bhat el al, 2009). The giant cells are 
generally transformed from undifferentiated vessel elements or from xylem 
parenchyma (Christie, 1936) or from provascular strand (Niyaz, 2008). They 
have also been reported to arise from protophloem cells (Yasmeen, 2002). 
In addition to giant cell formation, the root-knot nematodes also cause 
hypertrophy and hyperplasia in the cells adjacent to the giant cells that lead to 
the fonnation of the galls. The gall formation in tomato roots was observed 
when the juveniles of Meloidogyne were outside the roots. Meloidogyne 
infections accompany cortical and stellar proliferations (Davis and Jenkins, 
1960), hypertrophy and hyperplasia in the cortex, pericycle and the stele of the 
roots (Azam and Hisamuddin,2008). 
The present work was carried out to examine the: (i) formation of galls 
on the roots of Lycopersicon esculentum, (ii) formation of giant cells, (iii) 
abnormalities in the vascular elements in the galled roots and their relationship 
with the giant cell. 
ef^ 
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MATERIAL AND METHODS 
Raising the test plant: 
The seeds of Lycopersicon esculentiim (Pusa Ruby) were obtained from 
National Seeds Corporation, (I.A.R.I), New Delhi. The seeds were axenized by 
NaOCl method (Koenning and Barker, 1985). About 200 seeds were placed in 
a sterilized beaker containing a mixture of 95% ethanol and 5.25% NaOCl in 
the ratio of 1:1. The mixture was stirred gently and the seeds were allowed to 
soak for about 10 minutes. The mixture was drained off and the seeds were 
rinsed thrice with distilled water. 
The axenized seeds were sown in 30 cm diameter clay pots filled with 
one kg autoclaved soil ( 7 clay: 3 sand: 1 farmyard manure). Five seeds per pot 
were sown initially, which after gennination, were thinned to one seedling per 
pots. 
Inoculation with nematode: 
Meloidogyne incognita (Kofoid and White) Chitwood was selected as 
test pathogen and its culture was maintained on egg plants {Solanum 
melongena) in a glass house using single egg mass. The egg masses from the 
galled roots of egg plants were picked and allowed to hatch. The second-stage 
juveniles were collected in sterilized distilled water and counted with the help 
of counting dish. The seedlings of L. esculentum were inoculated by making 
holes of 5-7 cm depth around the plant within the radius of two centimeters. 
Through these holes the suspension of second-stage juveniles (@ 2,000 J2 per 
pot) was introduced. The holes were then plugged with sterilized soil soon after 
inoculation. To maintain soil moisture in the pot, regular watering was done. 
Each treatment was replicated five times and pots were arranged in randomized 
complete block design. Un-inoculated plants served as control. 
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Harvesting: 
The inoculated plants were harvested 24h, 48h, 72h, 6 days, 9 days, 15 
days, 21 days and 27 days after inoculation. The roots were washed thoroughly 
and gently to remove soil particles. The galled roots were cut into one cm long 
pieces and processed for histopathological studies. 
Processing of Galled Roots: 
(i) Fixation: One cm long pieces of galled roots and healthy roots were 
immersed in a fixative of formalin aceto- alcohol, prepared by 
mixing 90 ml of 50% ethanol, 5 ml of glacial acetic acid and 5 ml of 
37% formaldehyde (Johanson, 1940). 
(ii) Dehydration: The galled and healthy roots were dehydrated through 
tertiary-butyl alcohol (T.B.A) schedule as given by Johansen (1940) 
Table 5. 
(iii) Infiltration: After dehydration, paraffin was introduced into the root 
tissues. The tissues were transferred to a mixture of 100% paraffin 
oil and tertiary-butyl alcohol (T.B.A.) in the ratio of 1:1. These were 
kept at least for an hour. Another container was filled 3/4* v/ith 
melted wax and allowed to solidify. The tissues were placed on wax 
and filled with T.B.A-paraffin oil mixture and placed in an incubator 
at 65°C for three hours. The mixture thereafter was poured off and 
replaced with pure melted wax. The container was kept at the same 
temperature for three hours. This step was repeated twice. 
(iv) Embedding: For embedding, paper molds in the form of small 
shallow trays were prepared. The inner surfaces of the molds were 
first coated with thin layer of glycerine and afterwards melted 
paraffin was poured into the bottom of the molds. The root pieces 
were kept gently on the solidifying surface with the help of heated 
forceps. More melted wax was added into the molds until the tissue 
was completely immersed in the wax. The molds were immediately 
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transferred to a container filled with chilled water for solidification 
of wax. After hardening, the whole block was cut into smaller pieces 
according to the position of the root tissue. 
(v) Sectioning: The small blocks of wax having root tissues were 
trimmed to remove extra wax. The wax blocks were miounted on the 
wooden blocks, fixed in rotary microtomic, and 10-12^m thick 
transverse and longitudinal sections in the form of ribbon were 
obtained. 
(vi) Ribbon Mounting: The ribbon was cut into smaller pieces 
corresponding to the length of slides. The surfaces of the slides were 
coated with synthetic adhesive. Ribbon was placed gently on the 
slide and flooded with freshly prepared 3% formalin solution. These 
slides were then kept in an incubator at 40°C for eight hours and then 
stored in slide box. 
(vii) Staining: The sections were stained with safranin and fast green 
after removing paraffin wax by the method described by Sass (1951) 
Table 6. After staining, Canada balsam was applied on the slide and 
cover glass was placed. Prepared slides were left at room 
temperature for 24 h and then transferred to incubator at 60°C. The 
slides were examined under light microscope, and necessary 
photographs were taken. 
OBSERVATIONS 
A. GIANT CELL FORMATION 
24 h after Inoculation: 
Longitudinal sections of the roots of Lycopersicon esculentum 
inoculated with the root-knot nematode, Meloidogyne incognita, revealed 
occurrence of second-stage juveniles in the inner tissues, after 24 h of 
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inoculation. The juveniles were observed in the zones of cell division, cell 
elongation and cell differentiation (P i). The root caps and the epiblema were 
found damaged in infected roots (P 2). Some cells near the head and the body 
of the juveniles became large that enclosed large nuclei. 
48 h after Inoculation: 
The cells close to the nematode head were much larger than other cells 
and enclosed peripherally arranged dense cytoplasm (P 3). These developing 
giant cells were having large nuclei containing large nucleoli (P 4). These cells 
were much longer than their width (P 5). The other cells, adjacent to the giant 
cells were of two types, some were very larger and some were very small (P 6). 
In some sections, vessel elements differentiating from parenchyma cells were 
noticed. 
72 h after Inoculation; 
The giant cells, after 72 h of inoculation, became broader and appeared 
globular. The giant cell cytoplasm had become more dense and granular (P 7). 
The number of nuclei per giant cell increased. In each nucleus there was a large 
nucleolus. The cell wall of the giant cells was very thick. The juveniles were 
found aligned parallel to the axis of the vascular strands. 
6 Days after Inoculation: 
Morphological changes were observed in the infected roots, after 6 days 
of inoculation. Localized swellings were noticed in the roots attacked by the 
nematodes. The shape of the giant cells had changed to globular. The 
cytoplasm had become more dense and occupied almost entire volume of the 
giant cell. Enlargement in the size of the nucleus and the nucleolus was 
observed. The number of nuclei in the giant cell and the number of nucleoli in 
the nucleus were increased. Abnormalities in the arrangement of the vascular 
tissues had become prominent. The vascular strands were found bent near the 
infection site (P 8). The lumen of vessel elements was increased (P 9). 
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9 Days after Inoculation: 
There was enormous increase in the size of the giant cell. The cell walls 
became very thick that enclosed very dense cytoplasm. The staining of 
cytoplasm was so dense that it was very difficult to locate nuclei and nucleoli 
in the giant cell (P 10). Various shapes of nuclei like oval, globular, lobe etc 
were commonly found. The cytoplasm, in the giant cells close to the nematode 
head was very dense than those away from the nematodes (P 11). Enlargement 
of giant cells, enlargement of vessel elements, formation of vessel like 
elements from parenchyma cells, were noticed in most of the sections. The 
normal arrangement of tissues in the affected roots was of rare occurrence (P 
12). 
15 Days after Inoculation: 
The galled roots contained large giant cells in each giant cell complex, 
as was observed after 15 days of inoculation. The cell wall of each giant cell 
was very thick and prominent (PI3 and 14). The transverse and the longitudinal 
sections revealed that the giant cell cytoplasm was not as dense as was 
observed 9 davs after inoculation. Moreover empty spaces in the eiant cell had 
become very common (PI5). The nuclei had become more prominent and were 
having large nucleoli. Most of the nuclei were lobed (P14). Hypertrophied and 
hyperplastied cells were present near the giant cell complex. Occurrence of 
giant cell complex in the cortical zone was also noticed (PI5). 
21 Days after Inoculation: 
After 21 days of inoculation, the sections revealed the occurrence of 
giant cell complex near the nematode head. The cytoplasm in the giant cells 
was lese dense but granular. The ceil walls of the giant cells were thick (P 16). 
Vacuolation in the giant cells was increased (P 17 and 18). The nuclei became 
amoeboid and their contents became scanty (P 16 and 17). The number of 
nuclei per giant cell decreased. Smaller giant cells, of the giant cell complex, 
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lost their cytoplasm (P 18). Reduction in amount of cytoplasm was also noticed 
in larger giant cells. 
27 Days after Inoculation: 
Longitudinal and transverse sections showed that the nematodes, after 
27 days of inoculation, developed in the form of mature females (P 19). 
Alignment of the nematodes was found to be changed. The nematodes were 
arranged vertically or obliquely to the axis of the root. Most of females were 
found associated with egg masses (P 19). The giant cell walls were thick, their 
cytoplasm was granular but less dense and more vacuolated (P 20). From some 
of the giant cells, protoplast was completely lost. The number of nuclei 
decreased, their shapes changed to amoeboid and the number of nucleoli per 
nucleus decreased. 
DISCUSSION 
Meloidogyne incognita causes root-knot disease in Lycopersicon 
esculentum. The second - stage juveniles are probably attracted towards the 
roots of tomato and gain entry into the inner tissues. The anatomical studies 
revealed that the juveniles made entry into the cortex or the stele through the 
zone of cell division, elongation and differentiation. They also gained entry 
through the root cap. The mode of entry was axial (through their root cap), 
radial, or tangential (through the cortex). Formation of channels in the inner 
tissues of the roots confirmed their intercellular migration. Occurrence of larger 
cells near the nematode or along the passage of the nematode was probably due 
to hypertrophic response. The hypertrophic response was also observed in the 
nuclei of the affected cells. Entry of the juveniles anywhere from the root cap 
to zone of cell differentiation has been reported earlier (Christie, 1936, 
Krusberg and Nielsen, 1958, Siddiqui and Taylor, 1970). The juveniles of the 
root-knot nematode migrated intercellularly by separating the cell walls along 
the middle lamella (Endo and Wergin, 1973; Jones and Payne, 1978). 
Movement of the nematode inside the root without damaging the inner cells 
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was favorable for the nematode as it checked the cell damage that could be 
harmful for the plant and disadvantageous for the nematode. The immediate 
response of the inner tissue towards the nematode was enlargement of certain 
cells as was observed after 24 h of inoculation. Probably secretions of 
nematode contained pectinases, cellulases and auxins. 
After 48 h of inoculation the enlarged cells contained dense and granular 
cytoplasm. This led to the conclusion that some cells became more active than 
other cells. Occurrence of enlarged and dividing nuclei further supported that 
the affected cells had to perform some extraordinary activities not carried out 
under normal conditions. In addition to this, enlargement and fragmentation of 
nucleoli in the nuclei of hypertrophied cells indicated that the cells became 
highly active for synthesizing protein in a large amount. Enlargement and 
fragmentation of nucleolus, the repository of r RNA and ribosomal proteins, 
indicated higher rate of the ribosome formation. The engaged in active protein 
synthesis have larger nucleoli than less actively engaged cells (Johnson and 
Johnson, 1986). The affected cells exhibited nuclear divisions without 
subsequent cytokinesis. 
Occurrence of 5-6 discrete giant cells, 72 h after inoculation, indicated 
that the nematode had stopped its movement and settled at a particular location. 
The giant cells became multinucleate where each nucleus enclosed more than 
one nucleolus. Jones and Payne (1978) had observed giant cell formation, by 
Meloidogyne incognita in the roots of Impatiens balmina, 48 h after 
inoculation. Siddiqui and Taylor (1970) noticed giant cell formation, by M 
nassi, in wheat roots, four days after inoculation. The earlier view about 
multinucleate nature of the giant cells was the result of cell wall breakdown 
and fusion of affected cells. Later on it was found that multinucleate conditions 
arose due to nuclear divisions without undergoing cytokinesis. This was 
supported by Huang and Maggenti (1969a). In tomato the enlarged nucleus of 
the young giant cells, underwent synchronous divisions without subsequent 
cytokinesis, and gave rise to eight nuclei, as was observed 72 h after nematode 
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infection. Synchronous nuclear divisions within the same giant cell have been 
reported by several other workers like Bird (1961); Krusberg and Nielsen, 
(1958); Smith and Mai, (1965), Owens and Specht, (1964); Smith and Mai, 
(1965); Pasha e/a/., (1987). 
An increase in number and size of nuclei; change in shape of nuclei 
from globular to amoeboid form; an increase in granulation of giant cell 
cytoplasm, after six days of inoculation, indicated that the giant cells were 
active in synthesizing cellular materials. The thick cell walls of the giant cells 
provided mechanical support to the enlarging giant cells. The developing giant 
cells exerted pressure on the neighbouring tissues and pushed the tissues, 
including vascular tissues outward, because of this reason the vascular strands 
appeared to be disrupted, when seen in longitudinal sections. 
After 9 days of inoculation, occurrence of extremely dense cytoplasm in 
the giant cells indicated that the giant cells were most active in increasing the 
number of nuclei that could increase the amount of cytoplasm. Most of the 
giant cells, in the giant cell complex had very dense and granular cytoplasm as 
was evident after staining. On the other hand, in some giant cells the cytoplasm 
was less dense. From this observation it might be inferred that metabolites of 
the giant ceils having less dense cytoplasm were mobilized towards the 
nematode. At the same time, the nematode continuously stimulated the giant 
cells to synthesize cytoplasm in large amount so that the nematode could get its 
food constantly. The signals of mobility were probably sent to other 
neighbouring parenchyma cells. The giant cells near the head of the nematode 
were metabolically more active as these were receiving stimulus from the 
nematode directly. Huang and Maggenti, (1969a) reported that surface area of 
the nuclei tremendously increased and the nuclei assumed amoeboid shapes 
having irregular lobes. Other workers supported the view that in the developing 
giant cells, the cell organelles became abundant (Jones and Northcote, 1972; 
Jones and Dropkin, 1976; Jones and Gunning, 1976; Jones and Payne, 1978). 
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The giant cell cytoplasm, after 15 days of inoculation, was not as much 
dense as was observed after 9 days of inoculation. A remarkable decrease in the 
amount of cytoplasm was an indication that the rate of removal of cytoplasm 
by the nematode was much higher than the rate of its synthesis. This indicated 
that the nematode had removed cytoplasm directly from the giant cells. 
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cells, after 21 days of inoculation, ftirther supported that the rate of removal of 
cytoplasm from the giant cells was very high probably due higher demand by 
the nematode. The rate of consumption of cytoplasmic material was highest at 
the time of egg deposition. After 27 days of inoculation, giant cell complexes 
with lesser amount of cytoplasm were observed. 
According to Bird and Loveys (1975) and McClure (1977), proposed 
that the developing Meloidogyne female acts as a metabolic sink in infected 
plants. The photosynthetic products are mobilized from the shoots towards the 
roots specifically towards the giant cells. Mobilization and accumulation of 
these substances reached to maximum when the adult of females commenced 
egg laying (Meon et al, 1978). The rate of accumulation of cytoplasm in the 
giant cells decreased after egg-laying and when the nematode stopped feeding 
or it died; ultimayely the giant cells were collapsed (Krusberg and Nielsen, 
1958). 
In the roots L. esculentum, after inoculation with the root-knot nematode 
{Meloidogyne incognita), the finding of the experiment may be summarized as 
(i) the juveniles of Meloidogyne incognita penetrated at or behind the root tip, 
(ii) they migrated intercellularly into the inner tissues by separating the cell 
walls. In the cells near and around the nematode (iii) hypertrophy was noticed 
soon after the entry of juveniles into the roots, after 48 h of inoculation, (iv) 
discrete giant cells enclosing dense and granular cytoplasm were observed. 
After 72h of inoculation (v) formation of giant cells in the differentiating 
phloem, (vi) formation of abnormal vessel elements near the giant cells, 6 days 
of inoculation, (vii) occurrence of giant cells, in proximity of phloem elements 
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were observed. After 9 days of inoculation (vii) extremely dense cytoplasm 
with several hypertrophied nuclei enclosing several nucleoli, (viii) highly 
distorted vascular strands due to multiple infections were seen. After 15 days of 
inoculation, (ix) reduction in the amount of cytoplasm and (ix) the number of 
nuclei in the giant cells were evidenced. After 21 days of inoculHlion, (xi) 
decrease in number of nuclei (xii) reduction in amount of cytoplasm, (xiii) 
formation of abnormal vessel elements of the size of small giant cells, (xiv) 
smaller giant cells with little or no cytoplasm and, and (xv) their transformation 
into vessel like elements by the deposition or lignified secondary wall material 
were observed. After 27 days of inoculation (xvi) little or no cytoplasm and 
(xvii) transformation of larger giant cells into vessel like elements were 
observed. 
B. GALL FORMATION 
24 h after Inoculation: 
Transverse and longitudinal sections revealed the presence of second-
stage juveniles of M. incognita in the inner tissues of the young roots. The 
juveniles were observed in the cells of root tip, in the zone of cell elongation 
and in the zone of cell differentiation (P 1, 2 and 21). The cells, along the body 
length of the nematode, were of larger and enclosed larger nuclei. In each large 
nucleus there was at least one large nucleolus. 
48 h after Inoculation: 
From the longitudinal sections it was revealed that some of the 
hypertrophied cells differentiated into giant cells (P 3). Average dimension of 
the giant cells was about 172.4 X 20.2 [im; whereas the largest giant cell was 
200.5 X 20.3 |im. The infected roots could not be distinguished from 
uninfected roots on the bases of external morphology. 
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72 h after Inoculation: 
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The infected portion of the galled roots exhibited swellings of about 0.5 
mm thickness, 72h after inoculation. The galling, after three days of inoculation 
could be observed visually. While examining the longitudinal sections it was 
found that the volume of most of the cells increased in infected parts. The 
average size of the giant cell was recorded as 183.4 X 50.7 um. The maximum 
diameter of the larger parenchyma cells was 10.5 |j.m. The most prominent 
feature, in addition to giant cell formation, was the enormous increase in 
diameter of vessel elements. The diameter of affected and unaffected vessel 
elements was 50.3 |im and 22.4 |im, respectively. Average width of 
endodermal cells in affected and unaffected roots was 42.3 and 23.5 |am, 
respectively (P 7). 
6 Days after Inoculation: 
After 6 days of inoculation, several swellings in the roots were noticed. 
The maximum width of the gall was found to be 1.0 mm (P22). The average 
dimension of the giant cells increased to about 192.2 X 17.5 [im, and the 
largest giant cell measured 250.1 X 23.6 um (P 9). The thickness of vessel 
elements in affected portion was recorded as 55.3 jim and of normal vessel 
elements as 25.4 |im (P 8). The widths of parenchyma cells in affected xylem 
and in other regions were 22.4 and 17.6 jam, respectively. 
9 Days after Inoculation: 
The average width of normal roots, after 9 days of inoculation, was 0.4 
mm and that of the galled portion was 1.8 mm (P 23). The size of the largest 
giant cell was 271.6 X 25.8 |im with an average of 197.3 X 18.9 |im (P 10). 
Average widths of xylem and cortical parenchyma cells were 28.8 fim and 24.7 
|im, respectively. 
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15 Days after Inoculation: 
The thickness of normal roots, after 15 days of inoculations, was 1.0 
mm and that of the galled part was about 2.2 mm. Average size of the giant cell 
was 207.2 X 21.6 |im, and of the largest giant cell was 295.4 X 30.2 )im (P 13). 
Increase in diameter of vessel elements and parenchyma cells were not 
recorded (P 13, 14, 24, 25 and 15). 
21 days after Inoculation: 
After 21 days of inoculation, the width of normal roots was 1.2 mm and 
of the gall was 2.7 mm. Increase in giant cell size was recorded as 216.3 X 24.6 
[am, in general and 308.6 X 32.7 ^m ( P 16) fj.m in particular of the largest 
giant cell. 
27 Days after Inoculation: 
The thickness of the gall was 3.5mm, after 27 days of inoculation. The 
average size of the giant cell was 218.2 X 24.8 |j.m, and the largest giant cell 
was 310.5 X 33.1 ^m, respectively (P 20). 
From the study it was revealed that the second stage juveniles, soon after 
entering into the roots, stimulated the cells to increase in size as well as in 
number. Occurrence of hypertrophied cells, along the path of the nematode, 
supported the view of Schuster and Sullivan (1960) that the nematode secreted 
some chemicals of stimulatory nature which induced hypertrophy and 
hyperplasia. On examining the sections of affected roots, after 48 h of 
inoculation, it was revealed that the nematode induced the formation of giant 
cells. This was the first response of the plant tissues towards gall formation. 
Dimensions of the giant cells were found increased when compared the cells of 
unaffected tissue. Presence of smaller cells near the giant cells indicated a 
simultaneous hyperplastic reaction in the parenchyma adjacent to the giant 
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cells. Both kinds, hypertrophic and hyperplastic reactions were responsible part 
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vicinity of phloem exhibited hyperplastic response. Hypertrophy was observed 
in the vascular elements that were located near the giant cells. Thus 
hyperplasia, hypertrophy and giant cell formation all contributed in the gall 
formation of tomato roots. Jones and Payne (1978) observed fiant cells and 
hyperplastic parenchymatous tissue in the infected root of balsam, within 48 h 
of inoculation. Hypertrophy was most prominently evidenced, after 6 days of 
inoculation, when all kinds of cells, cortex, endodermis, pericycle, vascular 
elements, and parenchyma of medullary ray and pith parenchyma, were found 
under the influence of hyperplastic and hypertrophic responses. 
After 9 days of inoculation, enlargement of giant cells, cortical and pith 
parenchyma, and xylem and phloem elements indicated that the response of 
hypertrophy was still under progress. There was deformation in the roots and 
discrete galls could be seen with unaided eyes. Giant cell formation in the 
cortex, after 15 days of inoculation, exhibited repetition of the same sequences 
that led to gall formation. The nematodes that entered at earlier stage in the 
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nematodes that entered later on, induced similar responses in the cortex. This 
indicated that stimulation at two different locations contributed in the formation 
of larger galls. All types of cells including vessel elements, xylem and cortical 
parenchyma, and also cortical giant cell complexes contributed in gall 
formation. Increase in size of giant cells was reported until 15 days after of 
inoculation. From this study it might be infen-ed that hyperplastic and 
hypertrophic reactions in different types of cells led to the formation of galls up 
to 15 days after of inoculation. 
After 21 days of inoculation, transformation of the nematode was 
evidenced. No ftirther changes in histology of galled tissue were recorded after 
21 days of inoculation. The nematode transformed into a mature female 
attaining its largest size, after 27 days of inoculation. Increase in volume of the 
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developing nematodes and production of egg masses by the adult females 
further contributed in increasing the gall size. Under favourable condition the 
juveniles emerged from their eggs. The newly hatched second-stage juveniles, 
after completion of one life cycle, functioned as secondary inoculum and 
caused secondary infection, after 27 days of inoculation. The egg masses were 
noticed within, as well as outside, the plant tissue. Secondary inoculum, induced 
another series of hypertrophic and hyperplastic reactions that caused a rapid 
increase in gall size. At certain locations on or more freshly hatched second-
stage juveniles were found associated with preformed giant cells, or inducing 
new giant cells. 
Galling, one of the earliest host response of root-knot nematode 
infection, results from hyperplastic and hypertrophic reactions taking place 
simultaneously. Christie (1936) proposed that galls are induced when 
Meloidogyne juveniles enter the root, but they may be induced without the 
entry of the juveniles (Schuster and Sullivan, 1960). According to Schuster and 
SuUvivan (1960), M. incognita penetrated its stylet and secreted certain 
material that stimulated host tissues to form galls as has been supported by 
various workers. (Krusberg and Nielsen, 1958; Davis and Jenkins, 1960; 
Dropkin and Nelson, 1960; Bird, 1961, 1962; Owens and Specht, 1964; 
Hodges and Taylor, 1966; Siddiqui and Taylor, 1970; Orr and Morey, 1978; 
Jones and Payne, 1978; Hisamuddin, 1992; Bhatt 1999; Yasmeen, 2002; 
Perveen, 2006; Niyaz and Hisamuddin, 2007; Azam, 2008; and Niyaz, 2008). 
In L. esculentum, formation of galls, as a consequence of M incognita 
infection, was a sequential phenomenon and the events might be summarized 
as follows: gall formation resulted due to (i) formation of giant cells; (ii) 
hypertrophy in cortex (iii) pericycle (iv) in xylem (v) vessel elements (vi) sieve 
elements (vii) pericycle (viii) cortical parenchyma; (ix) enlargement of 
nematode; and (x) production of egg masses. 
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C.VASCULAR ELEMENTS 
(I) Xylem 
24 h after Inoculation: 
The second-stage juveniles of Meloidogyne incognita were noticed in 
the inner tissues of the young roots after 24 h of inoculation. In most of the 
sections, the juveniles were noticed in the zone of cell division. However, some 
juveniles were located in the zone of cell elongation. Among all the sections 
examined, vascular elements were not found near the nematode (P 1, 2 and 21). 
48 h after Inoculation: 
After 24 h of inoculation enlargement of the cell near the nematode head 
was noticed (P 4 and 6). The giant cell formation was observed in the zone of 
cell elongation (P 3 and 5). In few sections, the nematodes were found aligned 
parallel to the axis of vascular strands. 
72 h after Inoculation: 
After 72 h of inoculation, increase in number and increase in size of the 
cells, near the nematodes was found (P 7). Vessel elements showed widening 
of vessel elements near the giant cells. The wider vessel had shorter lengths 
than the normal vessel elements. Vessels like elements arising from 
parenchyma cells were also noticed. 
6 Days after Inoculation: 
From longitudinal section of the affected roots, it was revealed that the 
inner tissues were not normally arranged. The vascular strands appeared 
abruptly broken (P 8). The overall shape of the section of young infected root 
was flisiform (P 8). It was wider in infected portion and narrower in normal 
portions (P 22). Vessel elements resembling with the neighbouring parenchyma 
cells were frequently observed near the giant cells (P 9). 
59 
9 Days after Inoculation: 
Nine days after inoculation, disorder in the vascular tissues to a greater 
extent was noticed in the affected part. Normal vascular strands could not be 
located easily (P 12). Vessel elements having large diameter and short length 
v^ere found scattered throughout the section of the root (P 23). These vessel 
elements had high deposition of lignifled cell wall m.aterial in reticulate manner 
(P 26). The normal vessel elements had very narrow diameter. 
15 Days after Inoculation; 
After 15 days of inoculation, abruptly broken normal vascular strand 
were encountered. The vascular elements were found away from the normal 
strands (P 14). Vessel like elements resembling with parenchyma cells were 
noticed near the giant cells (P 13). One or more giant cells, having no 
cytoplasm, were found transforming into vessel elements (P 15). 
21 Days after Inoculation: 
In transverse and longitudinal sections of the galled roots, it was found 
that these were more abnormal vessel elements near the giant cells. There was 
higher level of distortion in vascular strands. More amount of xylem elements 
were found adjacent to the conjunctive tissues (P 18). Giant cells changing into 
vessel like elements was noticed (P 16). 
27 Days after Inoculation: 
In the root-knot nematode infected roots, abnormal vessel elements of 
different shapes and size were observed near the giant cells (P 27). All the 
abnormal vessel elements were composed of very thick secondary cell walls. 
In some sections, a group of abnormal vessel elements enclosing the entire 
giant cell complex were observed (P 28). 
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DISCUSSION 
On examining transverse and longitudinal sections of young roots L. 
escidentum, it was revealed that M. incognita entered the parts of the roots 
where vascular differentiation had not initiated. After 48 h of inoculation 
discrete vascular strands were not observed. Formation of giant cell, however, 
was detected in elongation zone of the voune roots. At some claces develooine 
vessel elements were seen which had larger diameter near the giant cells. From 
these observations it might be deduced that M incognita affected xylem 
elements, in addition to other kinds of cells. Increase in diameter of vessel 
elements might be due to the effect of auxin secreted by the nematode. 
The width of metaxylem elements in affected parts increased two times 
of unaffected parts. After 72 h of inoculation, abnormality in orientation of 
xylem strands was observed for the first time. The xylem strands had been 
pushed away from their normal position. These changes had taken place most 
probably due to the pressure exerted by the proliferating giant cells and 
hyperplasia and hypertrophy of neighboring parenchyma cells. After 6 days of 
inoculation, structural abnormalities in xylem elements had become quite 
prominent. A gradual increase in the diameter of vessel elements of normal 
xylem strand approaching the giant cell complex had occurred, ft showed that 
the influence of stimulus, induced by the nematode, had affected the vascular 
strand. The stimulus also influenced the neighbouring parenchyma cells to 
change them into vessel like elements. Abnormality in orientation, in structure 
and in physiology was more pronounced, 9 days after inoculation, where the 
xylem strand was found arranged in a zig- zag manner, when seen in 
longitudinal sections. The vessel elements of the xylem strand had shortened 
and proliferated and assumed deformed and irregular shapes. 
After 15 days of inoculation, the vessel elements were seen in the form 
of scattered patches when observed in longitudinal sections. But whatever be 
the orientation of xylem strands, their continuity was always maintained 
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throughout the gall. In addition to change in orientation and change in 
structure, the other Feature that was observed, was the formation of large 
amount of vessel like elements (abnormal xylem) near the giant cell complex. 
From this finding it might be suggested that the stimulus was transmitted 
towards the parenchyma cells which were transformed into vessel like 
elements. 
Christie (1936) had observed that vascular strands adjacent to the giant 
cells were pushed out of the normal path, but their continuity was not 
distributed. Scattered patches of xylem and phloem, throughout the gall 
supported interruption in their continuity due to giant cell formation (Davis and 
Jenkins 1960; Odihirin and Jenkins, 1965). Hypertrophy in vessel elements of 
wheat roots, inoculated with M. incognita, was reported by Siddiqui and Taylor 
(1970). 
Growth primary and secondary roots of infected plants, was temporarily 
checked that resulted in poor nutrient uptake, (Hussey, 1985). To compensate 
the loss of water and nutrients due to inhibition of root growth probably a large 
number of lateral branches were emerged, as has been reported by Christie 
(1936); Krusberg and Nielsen (1958); Davis and Jenkins (1960). Although 
lateral branches absorbed nutrients in sufficient amount, but the nutrients were 
not translocated properly towards the shoot because of hindrances developed in 
infected part (Oteifa and Elgindi, 1962; Hanowanik and Osborne, 1975). In 
order to overcome an impaired translocation, probably, plant adapts itself to 
produce xylem elements in the affected part in a large amount. 
The two important functions of xylem are translocation of water and 
mineral elements from the roots towards the leaves and growing shoot apices as 
well as to provide mechanical support to the plants. In infected zone another 
function of large amount of abnormal xylem around the giant cell complex was 
probably to provide protection to the giant cells from external pressures 
(Hisamuddin, 1992). According to Krusberg and Nielsen (1958) if mature 
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female nematode stops feeding or dies, the giant cell cytoplasm degenerates 
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giant cells were not collapsed even after completion of life cycle of the 
nematode. The giant cells after losing their cytoplasm, probably transformed 
into large vessel like elements which provide protection to the surviving giant 
cells. 
The conclusions drawn from the study are: (i) First abnormality in 
orientation of vascular strands appeared 48 h after inoculation; (ii) 
disorientation of vascular strands, (iii) increase in diameter of vessel elements 
was noticed 72 h after inoculation; (iv) abnormalities in shapes and (v) size of 
vessel elements; (vi) formation of abnormal vessel like elements was seen after 
6 days of inoculation; (vii) transformation of vessel elements from parenchyma 
cells was noticed after 6 days of inoculation (viii) arrangement of vascular 
strand in a zig zag manner; (ix) formation of more vessel like elements was 
observed after 9 days of inoculation; (x) from large parenchyma cells after 15 
days of inoculation (xi) from small and empty giant cells after 21 days of 
inoculation was noticed. From these observations, it might be inferred that 
minerals in large amount, to provide mechanical support to the affected 
portion, and to protect the giant cell complex. 
(II) Phloem 
24 h after Inoculation: 
The second-stage juveniles of Meloidogyne incognita were observed in 
the zones of cell division, after 24 h on inoculation. The juveniles were located 
in the periphery and the centre of the developing root. The cells near the 
nematode head had large volume and larger nucleus. Their cytoplasm stained 
densely (P 1,2, and 21). 
63 
48 h after Inoculation: 
Induction of giant cell formation was noticed 48 h after inoculation. 
Differentiation of the cells into vessel elements or the phloem elements was not 
remarkable. Adjacent to the nematode, parenchyma cell with large volume and 
dense cytoplasm were obsei"ved. Some enlarged cells were multinucleate with 
peripherally arranged cytoplasm, (P 4 and 6) A sieve tube element, 
distinguishable on the basis of slime plug, was present near the nematode (P 6). 
72 h after Inoculation: 
Discrete giant cells with large nuclei and dense cytoplasm were noticed 
associated with the nematodes. The incipient giant cells had small and large 
cells in their vicinity. When long cells were traced on both the sides of giant 
cells, these were found connected with phloem elements (P 7). 
6 Days after Inoculation: 
The giant cells had become larger after 6 days of inoculation. In few 
longitudinal sections, vascular strands with abrupt ends were seen near the 
giant cell complexes (P 9). One or more sieve tube elements were found in 
contact with the giant cells (P 22). 
9 Days after Inoculation: 
In an affected root, after 9 days of inoculation, the giant cells became 
much prominent. The xylem strands were found scattered but the phloem 
elements were found in association with phloem elements (P 23 and 26). The 
giant cell complexes were always found adjacent to phloem elements (P 23). 
The sieve tube elements in the normal strands were elongated, but adjacent to 
giant cells their shapes were non-uniform. Some of the sieve tube elements 
were isodiametric in shape (P 11, 23 and 25). 
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15 Days after Inoculation: 
The most conspicuous event observed after 15 days of inoculations was 
the occurrence of giant cells in the cortical region (P 15). Orientation in 
vascular strands was noticed near the developing nematodes and the giant cell 
complexes. In some sections the phloem elements were found diverted towards 
the giant cell complexes. The giant cell complex, being completely surrounded 
by the phloem elements, was also traced (P 25). 
21 Days after Inoculation: 
After 21 days of inoculation, a large number of xylem elements, were 
observed near the giant cells but normal and abnormal phloem elements were 
also noticed near the giant cells (P 17). Phloem elements comprising of sieve 
tube elements were found connected with the giant cells (P 17). 
27 Days after Inoculation: 
The giant cell complexes after 27 days of inoculation appeared 
completely surrounded by vessel elements in most of the sections. In some 
sections, the phloem connections with such giant cell complexes, were also 
seen (P 20). The giant cells were found associated with abnormal phloem 
elements (P 20). The phloem elements near the giant cells comprised of both 
long as well as short cells. These were identified on the basis of the presence 
of slime plugs towards the ends of sieve tube elements. 
DISCUSSION 
After 24 h of inoculation, enlargement of the cells along the body length 
of second-stage juveniles indicated that the nematode stimulated the cells to 
proliferate. Occurrence of discrete, incipient giant cells near the nematode head 
further confirmed that the nematode had stimulated the cells to form giant cells. 
The effect of the stimulus was transmitted to the adjacent parenchyma cells. 
The stimulatory effects were expressed in the form of enlargement of the cells, 
thickening of the cell wails, increase in size and number of nuclei, and increase 
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in amount of cytoplasm. The cells adjacent to the nematode body were 
elongated and it was assumed that the giant cells were induced in the zone of 
vascular differentiation. It appeared that the phloem region was the preferential 
feeding site for giant cell induction. The second-stage juveniles were found 
lying with their heads in the phloem region, as was observed 72 h after 
inoculation. Presence of parenchym.a like cells in between the giant cells and 
the sieve tube elements indicated that nematode had induced hyperplastic 
reaction in undifferentiated cells, which were to be differentiated into sieve 
tube elements. Ediz and Dickerson (1976) found that most of the giant cells 
occurred in phloem region. Primary phloem or adjacent parenchyma was 
selected as feeding sites by nearly all the root-knot nematodes (Byrne et al., 
1977;Finley, 1981). 
After 9 days of inoculation, phloem elements were found highly affected 
as was evident from the sections. The shapes of normal vessel elements had 
changed and had become shorter and broader. The orientation was also found 
disturbed. These changes might be correlated with the changes in parenchyma 
cells and xylem strands, which had shown abnormalities in shapes, size and 
function. Abnormalities in shapes and structures were obvious. A l^though 
apparently there was no abnormality in their function but translocation of 
metabolites was diverted towards the giant cells instead of towards growing 
roots. The sieve tube elements instead of running in a straight line appeared 
around the giant cells. Continuity of phloem strands, however, was not broken. 
Discontinuity in sieve tube elements has been reported by Jacobs and Marrow 
(1958) in early stages of phloem development after infection. Near the giant 
cells sieve tube element of irregular shapes and sizes, were observed, after 15 
days of inoculation. Changes in the shapes and size were probably due to 
stimulatory effects of the secretions by the nematode or due to hyperplastic and 
hypertrophic reactions in the affected region. There might be the probably that 
some sieve tube elements had emerged from phloem parenchyma cells. In all 
the section, after 15 days to 27 days of inoculation, no further changes in the 
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phloem elements were observed. Formation of giant cells in the cortical region, 
however, was encountered. It was probably due to the stimulation of pcricycle 
to form lateral branches. 
The giant cells are highly metabolically active cells therefore they 
should remain in contact with the phloem, directly or indirectly. This contact is 
essential for a continuous supply of assimilates towards the giant cells tp carry 
out cellular activities at an enhanced rate. This view is strengthened by 
observing sieve tube elements in direct contact with cell walls of the giant cells. 
Formation of sieve tube elements from the hyperplastic parenchymatous cells 
of the phloem further supported that giant cells remained connected with the 
phloem. Formation of giant cells in the cortex has been reported in many plants 
(Krusberg and Nielsen, 1958; Ediz and Dickerson, 1976). This observation 
supported that giant cells were not derived from cortical parenchyma but from 
undifferentiated meristematic cells. The giant cells which were observed in the 
cortex were not formed in isolation, but they were found connected with the 
phloem strands of the root branches. Thus, the branches of the roots were 
produced in response to root-knot nematode infection (Christie, 1936; Krusberg 
and Nielsen, 1958), and were supposed to increase rate of absorption of water 
and minerals. At the same time the root branches helped in transporting 
metabolites to the giant cells. The phloem elements were found supplying 
photosynthates to the giant cells. Orientation and shape of sieve tube elements 
was changed due to enlargement of nematode body. 
The giant cells more of less surrounded by the xylem, were reported by 
Christie (1936), Krusberg and Nielsen (1958). They did not mention any other 
tissue adjacent to the giant cells except the xylem. Siddiqui and Taylor (1970) 
found giant cells, completely surrounded by xylem, after 9 days of inoculation. 
Finley (1981) stated that giant cells were formed in phloem tissue of roots, 
stolon and tubers of potato as a result of Meloidogyne chitwoodi infection. 
Completely suppressed phloem was reported by Swamy and Krishnamurthy 
(1971) in Meloidogyne incognita infected Basella roots. Abnormal sieve tube 
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elements with unusual orientations were formed in Lagenaria roots only after 
the destruction of primary phloem as a result of Meloidogyme javanica infection 
(Siddiqui and Ghouse, 1975). 
From our findings it might be concluded that (i) the giant cells appeared 
to be completely enveloped by abnormal xylem elements. On examining the 
serial sections of infected roots it was revealed that (ii) none of the giant cell 
was fully enveloped by xylem elements only. The giant cells (iii) were always 
found connected with the phloem elements. The sieve tube elements, (iv) in the 
secondary phloem appeared to be diverted towards the giant cells, when seen in 
transverse section. In this way (v) the supply of assimilates to the giant cell was 
not disrupted. Thus, giant cells obtained metabolites continuously through 
phloem elements. 
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EXPERIMENT 2 
Effect of different inoculum levels oiMeloidogyne incognita on 
growth and yield of Lycopersicon esculentum^ and internal 
structures of infected roots 
INTRODUCTION 
Meloidogyne incognita, a plant parasitic nematode causes severe 
damage to a large number of plant species including the members of the family 
Solanaceae. These nematodes infect thousands of different herbaceous and 
woody, monocotyledonous and dicotyledonous plants and cause serious losses 
to numerous agriculture crops worldwide (Eisenback and Triantaphyllou, 1991; 
Sasser and Freckman, 1987). Parasitism by root-knot nematode is characterized 
by the establishment of permanent feeding sites comprising of giant cells in the 
cortex, endodermis, peri cycle, and vascular tissues of the host roots. In 
addition, deformation and blockage of vascular tissues at the feeding sites limit 
the translocation of water and nutrients, which further suppresses plant growth 
and crop yield, (Hussey and Williamson, 1997). Low or high population 
densities of these nematodes produce different effects on plants. Wallace 
(1971) found an increased rate of plant growth at lower, and decreased at 
higher population densities. 
The following study was carried out to determine the effects of different 
inoculum levels on (i) plant growth (ii) yield, (iii) number and size of galls (iv) 
number of egg masses per plant, (v) number of eggs per egg mass and more 
importantly (vi) nematode population, (vii) reproduction factor and (viii) 
vascular and non-vascular tissues in the affected parts of the roots of 
Lycopersicon esculentum. 
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MATERIAL AND METHOD 
Raising and Maintenance of Test Plant; 
The seeds of Lycopersicon esculentum L. collected from National 
Seeds Corporation, New Delhi were axenized by NaOCl method (Koenning 
and Barker, 1985). About 100 seeds were placed in sterilized beaker containing 
a mixture of 95% ethanol and 5.25% NaOCl in the ratio of 1:1. The mixture 
was stirred gently and the seeds were allowed to soak for about 10 minutes. 
The mixture was drained off and the seeds were rinsed thrice with distilled 
water. 
The axenized seeds were sown in 30 cm diameter clay pots containing 
steam sterilized soil (7 clay: 3 sand: 1 farmyard manure) and allowed to 
germinate. Three seedlings were transferred to each pot and then thinned to one 
seedling per pot, before inoculation. 
Inoculation with Nematode: 
Meloidogyne incognita (Kofoid and White) Chitwood was selected as 
the test pathogen. To perform experiment during the period of research, pure 
culture of M. incognita race-I was maintained on egg plant {Solanum 
melongena L.) in a glass house by using single egg mass. The egg masses from 
the galled roots of egg plant were picked with the help of sterilized forceps and 
allowed to hatch. The second stage-juveniles, that comprised primary 
inoculum, were collected in sterilized distilled water and counted with the help 
of counting dish. Three leaf stage seedlings were inoculated by making holes of 
5-7 cm depth around the plant within the radius of two centimeters. The 
second-stage juveniles, at the rate of 5J2, 5OJ2, 5OOJ2 and 5,000J2 per 10 ml 
water, were pipetted into the holes, which were plugged with the soil soon after 
inoculation. Each treatment was replicated five times and the pots were 
arranged in randomized complete block design. Uninoculated set of plants 
served as control. 
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C : control 
T, : 
T2 : 
T3 : 
T4 : 
5J2/pot 
SOJa/pot 
500J2/pot 
5,000J2/pot 
Watering was done regularly at an interval of two days or as required. 
The plants were uprooted after 90 days of inoculation. The data for different 
parameters were collected and statistically analyzed. 
PARAMETERS 
Plant Growth: 
After 90 days of inoculation, the mature plants were uprooted with the 
help of hoe and gently washed with running tap water. The plants were cut at 
the margin of the root and the shoot. Length of the root and the shoot was 
measured in centimeter with the help of meter scale. Fresh weight of the root 
and the shoot was determined by physical balance. Roots and shoots were kept, 
separately, in bamboo paper envelopes and kept in an incubator maintained at 
72°C temperature for 5 days. Dry weight of the roots and the shoots was 
determined. 
Number of Flowers and Fruits: 
The number of flowers and number of fruits per plant were counted 
visually. 
Number and Size of Galls: 
The number of the galls per plant was counted visually. And the size of 
gall was obtained by measuring its maximum length and width (in mm ) on 
meter scale. 
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Number of Egg Masses: 
The number of egg masses per root system on infected roots was 
counted after staining with phloxin B, prepared by dissolving 0.12 g phloxin B 
per liter of water. The galled roots were placed in this solution for 15-20 
minutes. The roots were gently rinsed in tap water. The egg masses stained red 
and were counted directly. 
Number of Eggs per Egg Mass: 
Ten mature egg masses randomly selected from galled roots of each 
treatment were treated with 20 ml of NaOCl (2%) solution and stirred 
vigorously for one minute. The egg masses were stained with acid Fuchsin 
(Byrd et al, 1972) and then counted under stereoscopic microscope. 
Nematode Population (Root and Soil): 
Root nematode population was determined by macerating 5g of infected 
root in a waring blender, the suspensions were passed through 100 to 400 mesh 
sieves and the juvenile catch on the 400-mesh sieve was collected in a beaker. 
Soil of each pot was thoroughly mixed, and the juveniles were extracted by 
Cobb's sieving and decanting, and Baerman funnel methods. The number of 
nematodes per root system and per kilogram soil was counted using counting 
dish. 
Reproduction factor: 
Reproduction factor (Rf) was calculated by the formula: 
Rf = P/Pi 
Where Pf is the final population and Pj is the initial population. 
Histopathology: 
The galled roots were cut into one cm long pieces and processed for 
histological studies. These were fixed in F.A.A and dehydrated by passing 
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through Tertiary Butyl Alcohol (TBA) paraffin oil, paraffin oil-paraffin wax 
mixture, and finally paraffin wax. The wax embedded tissues were trimmed 
into small blocks (Johansen, 1940). Sections were cut with the help of rotary 
microtome of 10-12fim thickness. The sections were stained with safranin and 
fast green (Sass, 1951), and necessary photograph were taken. The details of 
the method have been described in experiment 1. 
RESULTS 
Root and Shoot Length: 
In comparison to control (C), the root and the shoot length decreased in 
all the nematode inoculated plants (Table 1). The data revealed that at lower 
inoculum levels (T] and T2) the root and the shoot lengths decreased non-
significantly over the control. Reductions in length (root as well as shoot) were 
significant (P<0.01) in T3 and T4 plants, in comparison to control. Highest 
reduction in the root (69.53%) and the shoot lengths (50.43%) were observed in 
T4 plants, where the plants were inoculated with 5,000J2, and lowest in Ti 
plants where the plants were inoculated with 5J2 per pot (Table-7). 
Root and Shoots Weights: 
There were non-significant reduction in the fresh and the dry vvcights 
of the roots and the shoots in Tj and T2 plants. Fresh and the dry weight 
parameters of the roots and the shoots of T3 and T4 plants, over the control, 
were significantly lower (P<0.01). Highest reduction in fresh root weight 
(57.54%), fresh shoot weight (30.66%), dry root weight (81.27%), and dry 
shoot weight (73.13%) were observed in T4 plants, which were inoculated with 
the highest number of juveniles 5,000J2 per pot (Table-7). 
Number of Flowers and Fruits: 
The number of flowers and fruits decreased non-significantly at the 
initial inoculum levels of Pi = 5 and 5OJ2 (Tj and T2, respectively). In 
comparison to control (C), a significant (P<0.01) reduction was encountered in 
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the number of flowers and fruits in T3 and T4 plants, when comparisons were 
made with control (C). Highest reduction in yield was noticed in T4 plants 
where flowering was reduced by 78.01% and fruiting by 80% (Table-7). 
Number of Galls: 
The underground symptoms of the root- knot nematode infection were 
occurrence of galls, excessive lateral root branching, and reduced root length. 
Gall formation was observed on all the nematode inoculated plants. The 
number of galls per root system was lower at initial inoculum levels of Pi = 5 
and Pi = 5OJ2. The number of galls increased non-significantly in T2 plants, 
when compared with Tj plants. A significant increase in the number of galls 
per plant, over Ti plants, was found in T3 and T4 plants, where the plants were 
inoculated with Pi = 500 and Pi = 5OOOJ2. The number of galls per plant was 
lowest (2.40%) on T, and highest (92.6%)) on T4 plants. 
Size of Galls: 
The gall size was variable depending upon initial inoculum level. At the 
lowest initial inoculum level the size of the gall was about 3.6 mm^ and at 
highest inoculum level it was about 13.2 mm on T4 plants. Non-significant 
increase in the size of gall was found on T2 plants whereas significant (P<0.01) 
increases were noticed on T3 and T4 plants, when compared with Ti plants. On 
T2 plants the size of the gall was smaller than T3 and T4 plants but larger than 
Ti plants (Table-8). 
Number of Egg Masses per Plant and Number of Eggs per Egg Mass: 
The number of egg masses per plant increased as the number of 
juveniles inoculated per plant increased. A non-significant increase in the 
number of egg masses was observed at lower inoculum levels i.e., on T] and 12 
plants. In comparison to Tj, a significant (P<0.01) increase in the number of 
egg masses per plant was observed on T3 and T4 plant. 
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The number of eggs per egg mass decreased with the increase in the 
number of juveniles at the initial inoculum levels. Maximum numbers of eggs 
per egg mass were noticed on T2 plants, where the plants were inoculated with 
5OJ2 per pot (Table-8). 
Reproduction factor: 
Reproduction factor (Rt) decreased with the increase in initial inoculum 
level. Highest reproduction factor was observed in Tj plants where the plants 
were inoculated with 5 J2; and minimum in T4 where the plants were inoculated 
with 5,000J2 initial population (Table-9). 
Histopathology: 
Tomato {Lycopersicon esculentum) roots infected with Meloidogyne 
incognita were examined in detail under compound microscope to study 
anatomical changes in affected parts of the roots. Longitudinal and transverse 
sections of L. esculentum roots infected with root-knot nematode exhibited 
severe nature of infection. The juveniles of M. incognita after gaining entry 
into the roots of L. esculentum induced hypertrophy and hyperplasia in the 
cortex and the stele. Four to six, ver)' large cells, around the nematode head, 
were encountered. These cells enclosed several nuclei and were called as 'the 
giant cells (P 30). 
A set of giant cells associated with one nematode was termed as giant 
complex (GCC), the size of the giant cell in a giant cell complex (P 31) was not 
uniform. The giant cells were larger (LGC) near the nematode head (NH) and 
smaller (SGC) away from it. There was thick and conspicuous (CW) cell wall 
around each giant cell (P 31). There was a dense and granular cytoplasm 
containing several very large nuclei in each giant cell (P 31 and 32). In the 
vicinity of the giant cell complex these were several vessel elements of 
abnormal shapes and sizes that comprised abnormal xylem (AX) (P 33). Both 
xylem and phloem strands were pushed outward in the infected portions (P 32). 
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Internal structure of the root was distorted enormously when several 
nematodes occupied the same root (P 32). The number of giant cell in a giant 
cell complex (GCC) increased in the presence of more than one nematode. 
Abnormal xylem (AX) and hypertrophied tissues (HT) was present near the 
giant cells. In some of the giant cells (GC) cytoplasm was lost (P 33 and 34). 
Vessel like elements or the abnormal vessel element (AVE) were found 
associated with the abnormal xylem (P 32 and 34). The phloem strands were 
found disorganized which also comprised of abnormal phloem (AP) elements 
(P 36). Abnormal xylem was formed in large amount, as is evident from plates 
(P 35 and 37). Internal structure of the galled roots was found enormously 
distorted in presence of the root-knot nematode (P 31-38). The mature females 
after completing their life cycle laid eggs masses, which were pushed out of the 
plant tissues and could easily be detected (P 36) 
Discussion: 
Tomato plants, inoculated with second-stage juveniles of Meloidogyne 
incognita caused reduction in plant length, plant weight and other yield 
parameters. An increase in the number of juveniles per plant caused decrease 
in length and weight of the plants. Increase in inoculum level from 5J2to 5,000 
J2 per pot gradually decreased plant weight, caused stunting of the plant, 
chlorosis of the leaves, and loss in plant weight. These are the characteristic 
symptoms of root-knot nematode infected plants that were observed in tomato, 
infected with M. incognita. Reductions in plant length and weight have been 
reported by several workers like ( Jonathan and Rajendran, 2000; Nehra and 
Trivedi, 2002; Hisamuddin et al, 2005; Azam and Hisamuddin 2008; Azam et 
al, 2008). Reduction in growth of L. esculentum was due to the infection 
caused by M incognita-
There was reduction in the number of flowers and fruits on nematode 
infected plants. Deleterious effects of the pathogen were reflected not only on 
the plant growth but also on yield of L. esculentum. Highest reductions had 
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occurred at the highest inoculum level as in evident from the finding. The loss 
in yield due to root-knot nematode infection has been reoorted bv several 
workers on different plants (Christie, 1936; Chitwood, 2003; Hisamuddin et al, 
2003, 2004; Krishnappa et al, 1992; Niyaz and Hisamuddin 2008; Reddy, 
1985; Siddiqui and Taylor, 1970 Tiyagi et al, 2001). 
Gall fomiation on the roots of X. escuiemum further supports that the 
nematode established successfully in the roots and had become the agent of 
causing loss of growth and yield. The size of gall indicated the magnitude of 
inoculum density. Smaller galls indicated low level, and larger gall indicated 
higher level of inoculum. Maximum numbers of galls were observed at 5,000J2 
per pot. Gall number and the gall size were found proportionate to the amount 
of inoculum. At lower inoculum levels fewer galls were formed, on the other 
hand, at higher inoculum levels more galls had developed. The finding are in 
accordance with the earlier reports, (Niyaz and Hisamuddin, 2008; Parveen, 
2006; Yasmeen, 2002 and Azam, 2008). From the findings it is evident that L. 
esculentum reported positively towards host-parasite relationship. 
The number of egg masses per plant increased as the level of inoculum 
increased. Egg mass number being higher at higher inoculum level indicated 
that larger number of juveniles entered the roots and induced gall formation. 
Since the juveniles had entered the roots at the same time therefore they 
matured into females and laid eggs simultaneously. There was a direct 
relationship between the number of egg masses per plant and the initial 
inoculum level. The relationship between the number of eggs per egg mass was 
inversely proportional to the amount of inoculum. The egg masses obtained 
from the galls at lower inoculum levels contained higher number of eggs per 
egg mass and on the contrary, the egg masses at higher inoculum level 
contained lower number of eggs. From this finding it became evident that the 
developing females obtained sufficient amount of food from the plant at lower 
inoculum level. On the other hand at higher inoculum levels the nematodes had 
to face a competition for food. Parveen (2006) and Niyaz and Hisamuddin 
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(2008) had encountered the same relationship in Ocimum sanctum and Eclipta 
alba, respectively. 
Longitudinal and transverse sections of the roots of Lycopersicon 
esculentum infected with root-knot nematode (M incognita) exhibited severe 
infection. The juveniles of M incognita when entered the roots of L. 
esculentum caused hypertrophy and hypei'plasia in the cortex and the stele. In 
most of the sections, the giant cell complexes comprised of 4-6 giant cells. All 
the giant cell complexes were associated with M. incognita. The giant cells in 
giant cell complex had varying dimensions. Near the head of the nematode, the 
giant cells were larger than those farther from them. From this observation it 
might be inferred that the cells in contact with the nematode head received 
higher amount of stimulus than other cells. Probably, it was because of the 
stimulus that the larger giant cells had more dense and granular cytoplasm, 
larger and higher number of nuclei. 
The stimulatory effects in L. esculentum were not confined to the giant 
cells only. In the vicinity of the giant cell complex, the nature of the stimulus 
was probably not of the same type as was evidenced by comparing the cell size 
and cell umber. Some cells became much larger than other cells while some 
cells divided at a m.uch higher rate than the normal rate. These two phenomena, 
termed as hypertrophy and hyperplasia, caused the formation of galls, the 
characteristic feature of root-knot disease. The other stimulatory events were 
the formation vessel like elements from parenchyma cells and deformities in 
the phloem elements. 
One of the discernible events in the giant cells, in addition to granular 
cytoplasm, was the enlargement of the endo-mitotically divided nuclei. Each 
nucleus of the giant had very large nucleolus. In some nuclei, these were 
several nucleoli. Increase in the size or number of nucleolus is the indication of 
immense metabolic activity particularly protein synthesis. Occurrence of lager 
nuclei and larger nucleoli is essential for the accumulation of dense and 
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granular cytoplasm in larger amount (Hisamuddin, 1992). Whether the giant 
cells contained few or several nuclei, the nematode development proceeded 
without any delay (Wiggers et al., 2002). 
Several nematodes, as is evident from plate P 32, caused more distortion 
in the internal structure of the root. In transverse and longitudinal sections, 
sometimes it becomes difficult to find out norma! arrangem.ent of vascular 
tissues. The malformation in the root of L. esculentum might be attributed to 
hypertrophy and hyperplasia. Occurrence of several giant cell complexes, 
formation of abnormal xylem and disorganisation in phloem strand led to 
deformities in internal structures of the roots. Pasha et al., (1987), reported 
disruption in vascular strands of egg plant. Abnormal xylem formation has 
been reported by several workers (Husain et al, 1992), but abnormal phloem 
has been scantily mentioned (Byrne et al, 1977; Hisamuddin, 1992). In the 
tomato plants hypertrophy, hyperplasia, abnormal xylogenesis were frequently 
observed. 
From the experiment it might be concluded that lower inoculum levels 
caused loss in growth and yield to a relatively smaller extent than the higher 
inoculum levels. Both the parameters were found indirectly proportional to the 
crowdedness of the nematode. On the contrary, the relationship between gall 
size and gall number was directly proportional to the initial inoculum level. 
The magnitude of reduction in plant growth, yield, gall number and gall size 
were directly or indirectly banked upon the strength of stimulatory effects of 
the nematode. 
Stimulatory effects induced by M incognita, in the affected zone of 
L.esculentum, resulted in anatomical changes in the roots. At higher inoculum 
levels, the strength of inoculum was high consequently more abnormalities in 
the affected roots were encountered. The abnormalities ranged from subcellular 
(nucleus and nucleolus), through cellular (giant cell, abnormal vessel element, 
abnormal phloem elements) to tissue levels (distortion in vascular strand). 
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EXPERIMENT 3 
Histological interactions of Paecilomyces lilacinus, Cassia tora 
and Meloidogyne incognita on tomato {Lycopersicon esculentum) 
INTRODUCTION 
The fungus Paecilomyces lilacinus (Thom) Samson, a parasite of 
nematode and eggs, is currently used as a biocontrol agent against various plant 
parasitic nematodes. The strain 251 of Paecilomyces lilacinus is more 
commonly used for controlling the root-knot nematodes. It successfully 
controlled M. incognita on potato (Jatala et al, 1980; and Lara Martez et al, 
1996) in the field conditions and on banana (Jonathan and Rajendran, 2000) in 
green house conditions. 
Material and Methods: 
Test pathogen of Meloidogyne incognita was maintained using single 
egg mass on egg plant {Solanum melongena L.), grown in green house in 15 cm 
diameter clay pots containing steam sterilized soil. Meloidogyne incognita was 
initially isolated from highly infested vegetable fields. The freshly hatched-
second stage juveniles were used as inoculum. 
Biocontrol Fungus: 
The culture of Paecilomyces lilacinus was obtained from Indian 
Agriculture Research Institute, New Delhi. It was maintained on Potato 
Dextrose Agar (PDA) slants (Riker and Riker, 1936). The constituents of the 
medium are given below: 
Agar 17.00 g 
Potato peeled and sliced 200.00 g 
Dextrose 20.00 g 
Double distilled water 1,000 ml 
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10.00 g 
5.00 g 
2.50 g 
0.02 g 
50.00 g 
1.000.00 mi 
Richard medium (Rilcer and Ril<;er, 1936) was used for mass production of P. 
lilac inus. 
The composition of Richard medium is as follows: 
Potassium nitrate (KNO3) 
Potassium dihydrogen phosphate (KH2PO4) 
•"•'"to"""*"-'" — ' f \--a t/ 
Ferric Chloride (FeCl2) 
Sucrose (Ci2H220n) 
Double distilled water 
The medium, after preparation, was filtered through muslin cloth and 
sterilized in an autoclave at 15 lb for 15 minutes in 250 ml corning flasks. The 
liquid medium was inoculated with small amount of fungus maintained on 
PDA slants with the help of inoculation needle in an aseptic chamber. The 
inoculated flasks were kept in an incubator at 25-30°C for about 15 days to 
allow copious growth of fimgus for experimental studies. 
After enmeshing of P. lilacinus on Richard medium, 100 g of mycelium 
was blended in 1,000 ml of double distilled water in waring blender so that 10 
ml of suspension contained one g of mycelium. The fungal suspensions of P. 
lilacinus were incorporated into the soil around the roots of tomato, by making 
5-8 cm deep holes within the radius of 2 centimeters. After inoculation of the 
fungus the holes were plugged with sterilized soil, and the pots were kept in 
glass house. 
Preparation of Seed Extracts: 
Mature seeds of Cassia tora were selected and washed in running tap 
water followed by distilled water. 100 gm of seeds of C. tora were placed in 
100 ml of distilled water and ground in a grinder. The seed extract (botanicals) 
were first filtered in muslin cloth and then in Whatman filter paper Nol. The 
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filtrate was kept under refrigeration to avoid bacterial or fungal contamination. 
30 ml of filtrate was incorporated into the soil around the roots of tomato, by 
making the hole, 5-8 cm deep within the radius of 2 cm. After incorporating 
extract, the holes were plugged with sterilized soil. 
Test Plant: 
Seeds of Lycopersicon esculentum were surface sterilized with 1 % 
sodium hypochlorite (NaOCl) for three minutes and rinsed two times with the 
distilled water. 100 axenized tomato seeds were placed on a sterilized and 
moistened filter paper kept in a Petridish. Seeds were allowed to germinate. 
The germinated seeds were transferred to 15 cm diameter clay pots filled with 
steam sterilized soil (7 clay: 3 sand: 1 farmyard manure). Two week old 
seedlings were inoculated with suspension of 2,000 J2 pipetted into the root 
zone via the holes around the plant in each pot. To achieve the aim, the 
experiment was designed as per the following treatment schedule: 
C Un-inoculated control 
Ti Inoculated with 2,000 J2 only 
T2 Inoculated with 2,000 J2 and treated with fungus 
one week before inoculation. 
T3 Inoculated with 2,000 J2 and treated with fungus 
simultaneously. 
T4 Inoculated with 2,000 J2 and treated with fungus 
one week after inoculation. 
T5 Inoculated with 2,000 J2 and treated with fungus 
two weeks after inoculation. 
!(, Inoculated with 2,000 J2 and treated with fungus 
three weeks after inoculation. 
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The seed extracts of Cassia tora were introduced into the soil in the 
same way as was done for fungus inoculation. Each treatment had five 
replicates. The pots were arranged in randomized complete block design. After 
90 days of transplantation, the mature plants were uprooted with the help of 
hoe and gently washed with running tap water. The plants were cut at the 
margin of the root and the shoot. Length of the root and the shoot was 
measured in centimeter with the help of meter scale. Fresh weight of the root 
and the shoot was determined by physical balance. Roots and shoots were kept 
separately in bamboo paper envelopes and kept in an incubator maintained at 
72° C temperature for 5 days, and their dry weights were determined. 
Leaf Area: Five medium size mature leaves from each treatment were 
randomly selected for this purpose and outline of the shape of each leaf was 
drawn on rice papers and the area occupied was measured with the help of 
planimeter. 
Yield: The number of flowers and fruits was counted visually. 
Root-knot Index and Egg Mass Index: 
The gall and egg mass indices were rated on Taylor and Sasser (1978) 
scale. 
Scale 
0 
1 
2 
3 
4 
5 
Root-knot index 
0 
1-2 
3-10 
11-30 
31-100 
>100 
Egg mass index 
0 
1-2 
3-10 
11-30 
31-100 
>100 
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RESULTS 
Paecilomyces iilacinus + Meioidogyne incognita 
Plant Length: 
The roots and the shoots of the control plants (C) of Lycopersicon 
esculentum were having maximum lengths, as compared to the lengths of the 
plants of other treatments. The lengths of the roots and the shoots of Ti plants 
were shortest and exhibited significant (p<0.01) reduction over the control. 
Reductions in the root and shoot length, when compared with the control, were 
significantly lower in all the treatments except in T2 plants where the 
differences were non-significant. There was gradual reduction in plant length 
from T2 to T6 plants. 
In comparison to only root-knot nematode inoculated plants (Tj), 
significant (p<0.01) increase in plant lengths was noticed in T2 and T3 plants. 
The increase was also significant (p<0.01) in T4 plants. In T5 and Tg plants, 
increase in plant length was non-significantly different. Highest increase, over 
Ti plants, was found in T2 plants and lowest in Tg plants (Table-10). 
Plant Weight: 
Fresh weights and dry weights of the roots and the shoots of the plant 
from Ti to Ts were found decreased, when compared with control. Significant 
(p<0.01) and highest reductions in fresh weight and dry weights of the roots 
and the shoots were noticed in Ti plants, when compared with control. In T3 
plants, very low but significant (p<0.01) reduction, over the control, was 
observed. In T4, T5 and Te plants, the reductions were higher and significant 
(p<0.01), however, these reductions were lower than of Tj plants (Table-10). 
Fresh and dry weights of the roots and the shoots were increased in P. 
Iilacinus treated plants, when compared with T] plants; highest and significant 
(p<0.01) increase was observed in T2 plants. In other treatments, from T3 to T6 
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plants, increase in tlie plant weight, over Ti plants was observed. Increase in 
the weight was significant (p<0.01) in T3 and T4 plants and non-significant in 
T5 and T6 plants. In comparison to T] plants, lowest and non-significant 
increase was noticed in J(, plants (Table-10). 
Leaf Area: 
The size of the leaf decreased in all the treatments when compared with 
control. The leaf area decreased to the greatest extent and significantly (p<0.01) 
in Ti plants, as compared with control. In the treatments T2 and T3, the 
reductions were non-significantly different with the control. The amount of leaf 
area was found significantly (p<0.01) lower in T4 and T5 plants and (p<0.05) T6 
plants. 
On comparing with T] plants, inoculated with only nematode, increase 
in leaf area was noticed in all the treatments from T2 to Tg with a highest 
increase in T2 plants. Increase in leaf area of T2 and T3 plants was significantly 
(p<0.01) higher than other treatments. In T4 and T5 plants, the leaf area was 
increased to a lesser extent but the increase was significant (p<0.05). The 
values of leaf area of Tg plants were at par with T] plants (Table-10). 
Number of Flowers and Fruits: 
In comparison to control, highest reductions (significant at p<0.01) in 
the number of flowers and fruits were found in Ti plants that were inoculated 
with the nematode only. The yield values of T2 and T3 plants were at par with 
the control. Significant (p<0.01) reductions in both, the number of flowers and 
fruits, were observed in T4, T5 and Tf, plants, over the control. Lowest reduction 
was noticed in T2 plants (Table-10). 
In the number of flowers and fruits, a significant (p<0.01) increase over 
Ti plants was encountered in T2 plants in which M incognita inoculated plants 
were treated with P. lilacinus one week prior to nematode inoculation. Increase 
in yield was also significantly (p<0.01) high in T3 and T4 plants. Increase in 
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number of flower in T5 and !"(, plants was non-significantly higher than Ti 
plants (Table-10). 
Root-knot and Egg mass Indices: 
Highest number of galls and egg masses per root system were 
encountered in Tj plants, where the plants were inoculated with M. incognita 
only. Number of galls and number of egg masses per root system (RKI and 
EMI) were greatly decreased in Tj plants, where M. incognita inoculated plants 
were treated with P. lilacimis. The values of RKI and EMI were found 
increased in other treatments (from T3 to T6). Root-knot and egg mass indices 
were lowest in T2 plants, which gradually increased to Te plants with the 
highest values in Te plants (Table-10). 
Cassia tora + Meloidogyne incognita 
Root and Shoot length: 
The root and the shoot lengths of tomato plants were found decreased in 
all the treatments when compared with control (C). Highest and significant 
(p<0.01) reductions in the lengths of the roots and the shoots over the control 
were noticed in Ti plants, inoculated with M. incognita and not treated with any 
bio-control agent. Plant length values of T2 and T3 plants were non-
significaritly different with the control. Significant (p<0.01) reductions in plant 
lengths, when compared with control, were found in T4, T5 and T(, plants. 
Highest reduction in plant length was observed in T] plants followed by Tg and 
T5 plants. Lowest reduction was noticed in T2 plants followed by T3 and T4 
plants. 
In comparison to M. incognita inoculated (Ti) plants, increase in plant 
length was observed in all the treatments from T2 to 1^ plants, where M 
incognita inoculated plants were treated with the botanical of C. tora. Highest 
increase in plant length, over Tj plants, was found in T2 plants. In T3 plants, 
increase in length was also significantly (p<0.01) high. Increase in length, to a 
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lesser extent but significant (p<0.01), was noticed in T4 plants. Non-significant 
differences in increase in lengths, over Ti plants, had encountered in T5 and Tg 
plants (Table-11), 
Root and Shoot Weight: 
Fresh and dry weights of the roots and the shoots, in the treatment from 
Ti to Tg, were found decreased, when compared with control. The reduction in 
plant weight was highest and significant (p<0.01) in Ti plants, when compared 
with the control (C) plants. Improvement in the weights of the roots and the 
shoots of T2 and T3 plants was recorded. The values of T2 and T3 plants were 
non-significantly different with the control. Significant (p<0.01) losses in plant 
weights were recorded from T4 to Te, on comparing with control. Among C. 
tora treated plants highest reduction was noticed in Tg plants and lowest in T2 
plants. 
On comparing with Ti plants, improvements in fresh and dry weight of 
the roots and the shoots were noticed in all M. incognita inoculated plants 
treated with C. tora. Increase in plant weight was highest and significant 
(p<0.01) in T2 plants followed by T3 plants. In the treatment T4, increase in 
weight was significant (p<0.01) but much lower than Ti plants. A non-
significant increase in T5 and !(, plants, over Ti plants was recorded (Table-11). 
Leaf Area: 
Size of leaf was found to be decreased in all the nematode inoculated 
plants whether treated or not treated with the bio-control agent, C. tora. A 
significant (p<0.01) and highest reduction in leaf area of Ti plants, over the 
control, was detected. Greatest improvement in amount of leaf area in 
nematode inoculated plants was noticed in T2 plants. Increase in leaf size was 
also very high and significant (p<0.01) in T3 plants but the values were lesser 
than T2 plants. The values of leaf area were non-significantly different in T2, T3 
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and control plants. Significant reductions (p<0.01) in leaf area of T4, T5 and T6 
plants were observed, when compared with control. 
On comparing the leaf area of Tj plants, significant or non-significant 
increases were recorded from T2 to Tg plants. Leaf area was significantly 
(p<0.01) increased in T2, T3, and T4 plants, when com^pared with control. 
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different with Ti plants. The magnitude in the increase in leaf area of T5 and T6 
plants was non-significantly different with T] plants. (Table-11) 
Number of Flowers and Fruits: 
In comparison to control (C), reduction in the number of flowers and 
fruits was noticed in all the treatments including those treated with C. tora. 
Decrease in yield, in terms of number of flowers and fruit was highest and 
significant (p<0.01) in Ti plants, over the control. In T2 and T3 plants, decrease 
in yieild was negligible and non-significantly different with the control. 
Significant (p<0.01) reductions, in yield over control, were detected in the 
treatments T4 and onwards. There was highest reduction in yield in T^ plants 
among all the treatments where C tora was used as biocontrol agent. 
On comparing with Ti plant, an increase in yield was noticed in all the 
treatments from T2 to Tg. Enhancement in yield was highest and significant 
(p<0.01) in T2 plants. In T3 plants, increase in yield was very high and 
significant (p<0.01) but not as much high as in T2 plants. There was a 
significant (p<0.01) increase in the values of T4 plants, however, it was lower 
than T2 and T3 plants. Improvement in yield in T5 and Tg plants, over Ti plants, 
was not significanfly different (Table-11). 
Root-knot and Egg mass indices: 
The root-knot and the egg mass indices decreased in all the nematode 
inoculated plants grown in soil amended with seed extract of C. tora, when 
compared with nematode inoculated plants grown in unamended soil (Ti). 
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Lowest values of RKI and EMI were recorded in T2 plants. The values 
gradually increased from T2 to T6 plants. Highest values of RKI and EMI were 
recorded in Ti and T6 plants. In T2, T3 I^ and T5 plants, the values were found 
gradually increased (Table-11). 
Histopathology: 
Transverse and longitudinal sections of the roots of L. esculentuvn 
infected with M. incognita exhibited infestation of the nematodes in the roots. 
The second-stage juveniles after penetrating migrated towards the zone of 
vascular differentiation. In maturation zone, the juveniles adopted the path of 
cortex and ray parenchyma. The parenchyma adjacent to the nematode, 
specifically near the head, was induced to become enlarged (P 38). Galling, one 
of the earliest host response of root-knot nematode infection, was noticed in all 
the infected roots. The size of the giant cells increased several times of the 
normal cells (P 38). The number of nematodes in the roots was found decreased 
in the plants where seed extract of C. tora was applied one week before 
nematode inoculation or simultaneously (P 39 and 40). In the plants, where 
seed extracts were applied after nematode inoculation (T5 and Te), higher 
number of nematodes, were observed in the root tissues of Z. escuientum. In 
nematode infected plants, abnormally large giant cells were formed, and near 
the giant cell complexes the vascular strands appeared to be broken abruptly (P 
41, 42, 43). Abnormal vessel elements resembled with the neighboring 
parenchyma cells in their shapes and sizes (P 41 and 42). In some of the 
sections, the giant cell complex was found to be completely surrounded by 
abnormal vessel elements (P 43). The shapes and the sizes of the giant cells, in 
a giant cell complex, were non-uniform. Their shapes were globular, pyriform, 
ovoid or elongated. The multinucleate giant cells were characterized with the 
presence of thick cell walls and with the occurrence of granular cytoplasm. 
Abnormal phloem elements were different from normal phloem elements, in 
shapes, sizes and orientation (P 43). 
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Histopathology {Paecilomyces lilacinus): 
In the longitudinal and the transverse sections of the roots of L. 
esculentum inoculated with nematode Meloidogyne incognita and not treated 
with fungus, severe infestation was exhibited. All the giant cell complexes 
were associated with the nematodes. Hyperplastic and hypertrophic tissues 
were present near the giant cell complexes (P 38). When P. lilacinus was 
applied one week before of nematode inoculation, then fiingal hyphae were 
observed in the inner tissues of the roots. The hyphae and conidiophores 
bearing the chain of conidia were present in the normal vessel elements of the 
xylem (P 44). The plants in which P. lilacinus was applied simultaneously 
with the nematode, abnormal xylem and phloem were evidenced, but the extent 
of abnormality was lesser. The fungal hyphae parasitizing the egg masses and 
entering into the female body were noticed. The fungus was found luxuriantly 
growing around the nematode (P 45). In the plants treated with fungus, one 
week after of nematode inoculation, the hyphae were seen inside the giant cells 
(P 46 and 47). Application of the ftingus, two weeks after nematode 
inoculation, revealed the occurrence of large giant cells and more abnormalities 
in vascular elements. Hyphae of P. lilacinus entered into the root tissues but 
did not reach the nematode (P 48, 49 and 50). 
Discussion: 
The root-knot nematode (Meloidogyne incognita) caused significant 
reductions in the length oi Ly copers icon esculentum, which is the characteristic 
symptom of the root-knot disease. Wonang and Akueshi (1990) reported that in 
addition to gall fonnation, the other feature of the root-knot disease is the 
reduction in plant growth. There is always a loss of biomass production in the 
plants affected with the disease. The same was found in L. esculentum infected 
with M. incognita. Loss in plant weight has been reported by several workers 
(Rajendran and Sarihta 2005; Olabiyi, 2006; Rather and Siddiqui, 2007; and 
Ahmad et al, 2007). The effect of root-knot disease on L. esculentum was not 
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confined to length and weight but it also affected the leaf size i.e., average leaf 
area of the plant. Significant reductions in infected plants indicated that proper 
growth of the plant was arrested due to unavailability of nutrients therefore 
metabolites in enough amounts could not be synthesized. Moreover, the 
photosynthetic surface area was also reduced. This was also supported by 
observing fewer numbers of flowers and fruits on infected plants. There were 
drastic effects on the yield of Z. escuientum infected with M incognita. 
The plant length, plant v/eight, leaf area and yield of L. escuientum were 
found increased when infected plants were treated with Paecilomyces lilacinus. 
From the data it is evident that P. lilacinus incorporation into the soil improved 
plant growth and increased fruit yield. It was further revealed that in increasing 
grovv1;h and yield of the plants, there was the role of application time of the 
fungus into the soil. Incorporation of the fungus into the soil, one week before 
nematode inoculation in (T2) plants, proved more beneficial than simultaneous 
(T3), one week after (T4), two week after (T5) or three week after (Tg) of 
nematode inoculation. The data and the information from the slides indicated 
that P. lilacinus got sufficient time to enter into the roots whether the roots 
were infested with the nematode or not. In infected roots, the fungus developed 
around the eggs, inside the roots, and inside the mature females, when the 
fungus was applied one week before of nematode inoculation. In the other 
treatments, the fungus though developed luxuriantly but did not check 
nematode infection. The hyphae of P. lilacinus colonized on the outer surface 
of the root, penetrated into the inner tissues of primary roots systems and 
develop below the epidermal layers of the cortex and in the stelar tissues. The 
advantage of applying P. lilacinus before seedling transplantation was that 
being the saprophytic fungus it established in the soil even in absence of 
nematode and any other host (Brown and Smith, 1957; Lin et ai, 1993). 
Hisamuddin et al, (2007) applied P. lilacinus into the soil one week before of 
nematode inoculation to study its effects on nematode population and growth 
of plants, and it was revealed that a higher percentage of nematode eggs was 
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infected by the fungus. (Robab, 2008) noticed that inoculation of P. lilacinns 
induced resistance against root rot and root-knot diseases on Solanum nigrum. 
The seed extract of Cassia tora had favorable effect on growth and 
yield of tomato plants. Application of seed extract of C. tora into the soil one 
week before of nematode inoculation (T2) and simultaneously with nematode 
inoculation (T3) resulted in higher growth of plant yield as compared to T4 (one 
week after), T5 (two weeks after) and Tg plants (three weeks after of nematode 
inoculation). From this finding it might be inferred that incorporation of seed 
extract of C. tora released chemical substances that either directly or after some 
more soil chemical reactions proved toxic towards the nematodes. The second-
stage juveniles of M. incognita either did not survive in the soil, or if survived, 
could not penetrate into the roots. Use of plants or plant products as bio-
pesticides has been worked out earlier to manage nematode pests (Umar and 
Jada, 2000; Saravanapriya and Sivakumar, 2003; Jourand et al, 2004; 
Umamhaheswari et al, 2005). 
Histopathology Discussion: 
The fungus Paecilomyces lilacinus has diverse modes of habits. 
Basically it is a saprophyte (Domsch et al., 1980) and can easily be grown in 
artificial culture medium, ft behaves epiphyte and grows on the surface of plant 
roots (Cabanillas et ah, 1988). It grows inside the root tissue and behaves as an 
endophyte without damaging the plant. Still at other times it parasitizes eggs, 
egg masses and even mature female oi Meloidogyne incognita. 
Paecilomyces lilacinus was encountered frequently in and around 
normal and abnormal xylem. Probably the vessel elements provided favorable 
environment and sufficient space for the growth and development of the 
fimgus. Inside the root tissues it grows inter- and intracellularly. The fungus 
has been observed damaging the eggs and egg masses (Jatala, 1985, 1986; 
Niyaz and Hisamuddin, 2007; Bhat et al, 2009). Cardona and Leguizamon 
(1997) reported 94% infection in Meloidogyne incognita spp. by P. lilacinus 
92 
strain- 9207. Khan and Williams (1998) found P. lilacinus entering into the 
body of the mature females of M incognita through natural openings. 
Occurrence of smaller giant cells and reduction in amount of abnormal xylem 
and phloem indicated that nematode development was influenced by the 
presence of P. lilacinus. Larger giant cell and higher amount of abnormal 
tissues indicated that the nematodes which entered earlier than the presence of 
lungus were noi arieciea. un me oasis oi mese ooservations in might be 
concluded that the fungus cannot check primary infection of nematode when 
the plants have already been attacked by the juveniles. However, it can be 
check secondary infection because it destroys eggs as and when these are 
deposited. As far as time of application of P. lilacinus is concerned, from our 
studies it can be suggested that incorporation of fungus P. lilacinus one week 
before and at the time of nematode inoculation is more effective in controlling 
the root-knot disease, as compared to after nematode inoculation. 
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EXPERIMENT 4 
Effect of fly ash amended soil on root-knot nematode 
{Meloidogyne incognita) and growth of Lycopersicon esciilentiim 
INTRODUCTION 
Fly ash is a major particulate air pollutant and is produced in large 
quantities from various thermal power plants. Fly ash deposition alters quality 
of the soil, reduces soil microbial activity, and influences population of 
microflora and microfauna. For controling the menace of Meloidogyne species 
different methods have been adopted till now to improve the growth, quality 
and yield of the crops. Out of these methods, chemicals control has helped 
manifold increase of agriculture production but this method had caused serious 
threat to the environment. 
Addition of fly ash into the soil affects properties of soil, development 
of Meloidogyne incognita, and plant growth. The extent of nematode 
infestations and consequently crop damages were much higher in un-amended 
soils than in soils amended with fly ash (Khan and Ghadipur, 2004; 
Hisamuddin et al, 2007; Azam et ai, 2007; Singh et al., 2009). This 
experiment was aimed at finding out the effects of fly ash amended soil on (i) 
the nematode, (ii) plant height, (iii) plant weight, (iv) leaf area, (v) amount of 
chlorophyll, (ii) yield, (vii) galling, (viii) egg mass number, and (ix) 
morphometries of the mature female of M incognita. Experiment was repeated 
for two more years. The purpose of repetition of the experiment with the same 
fly ash amended soil was to find out residual effects of the fly ash on the plants 
as well as on the nematodes. 
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MATERIAL AND METHODS 
F!y Ash Analysis: 
The physical and chemical properties of the fly ash, obtained from 
Kasimpur Thermal Power Plant, were analyzed by different methods. The 
texture of fly ash in relation to particle size was determined by hydromeier 
method (Allen et al... 1974). The electrical conductivity of the fly ash was 
measured by conductivity meter (Elico Co. Ltd. Hyderabad, India). The pH 
was measured with the help of pH meter after obtaining an extract from fly ash 
and water suspension in the ratio of 1:1 (w/v). Total organic carbon, total 
nitrogen, and total phosphorus were analyzed by Degtjareff method (Walkey 
and Black, 1934); Microkjeldahl method (Nelson and Sommers, 1972) and 
Molybdenum blue method (Allen et al, 1974), respectively. The total metal 
elements were determined by mixed acid digestion using cone. HNO3, H2SO4 
and HCIO4 with the help of atomic absorption spectrophotometer (Allen et al, 
191 A). 
Soil Amendments with Fly Ash and Preparation of Pots: 
Sterilized sandy loam soil (7 Clay: 3 sand: 1 farmyard manure) was 
amended by adding fly ash in different proportions (v/v) i.e. 10%, 20%, 30%). 
40y'o and 50%, and filled in pots of 30 cm diameter in order to carry out 
experiments in the first year. The soil not amended with fly ash ser/ed as 
control. In the second and the third years, the soils of the previous years were 
used and the experiment was repeated with addition of one part of manure. 
1 year 
(Control) C 100% Soil + 0% fly ash + OJ2 
C1 100% Soil + 0% fly ash + 2,000J2 
Ti 90% Soil + 10% fly ash + 2,000J2 
T2 80% Soil + 20% fly ash +2,000J2 
T3 70% Soil + 30% fly ash + 2,000J2 
T4 60% Soil + 40% fly ash + 2,000J2 
T5 50% Soil + 50% fly ash + 2,000J2 
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II Year 
C 100% Soil: 1 manure + 0% fly ash + OJ2 
C| 100% Soil: Imanure + 0% fly ash + 2,000J2 
T] Soil of previous year + Imanure + 2,000J2 
T2 Soil of previous year + Imanure + 2,00017 
T3 Soil of previous year + Imanure + 2,000J2 
T4 Soil of previous year + Imanure + 2,000J2 
T5 Soil of previous year + Imanure + 2,000J2 
III year 
C 100% Soil + 0%) fly ash + OJ2 
Ci 100% Soil+ 0% fly ash+ 2,000J2 
Ti Soil of II year + Imanure + 2,000J2 
T2 Soil of II year + Imanure + 2,000J2 
T3 Soil of II year + Imanure + 2,000J2 
T4 Soil of II year: Imanure + 2,000J2 
T5 Soil of II year + Imanure + 2,000J2 
Plant Culture and Treatments: 
The seeds of Lycopersicon esculentum L. collected from National Seeds 
Corporation, New Delhi, were axenized by NaOCl method (Koenning and 
Barker, 1985). About 200 seeds were placed in sterilized beaker containing a 
mixture of 95% ethanol and 5.25% NaOCl in the ratio of 1:1. The mixture was 
stirred gently and seeds were allowed to soak for about 10 minutes. The 
mixture was drained off and the seeds were rinsed thrice with distilled water. 
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Germination of Seeds: 
The axenized seeds were sown in 30 cm diameter clay pots containing 
steam sterilized soil (7 Clay: 3 sand: 1 fannyard manure) and fly ash in 
different proportions i.e., 10%, 20%, 30%, 40%) and 50%o (v/v). 
Preparation of Nematode and Inoculum: 
The egg masses of Meloidogyne incognita (race -1) were picked from 
the infected roots of egg plants maintained in glass house for pure culture. The 
egg masses were collected and then allowed to hatch in distilled water at 30°C 
in sterilized petridishes. The second-stage juveniles were collected for three 
days at an interval of 24h. The juveniles were counted with the help of 
counting dish. Two week old seedlings were inoculated with freshly hatched 
second-stage juveniles of M. incognita (2,000J2/pot) by making 5-7cm deep 
holes within the radius of 2 cm. The holes were plugged with steam sterilized 
soil. Each treatment consisted of five replicates. The pots were kept in a 
randomized complete block design in the glass house. Uninoculated plants 
served as control (C). Inoculated plants grown in un-amended soil served as 
inoculated control (Cj). Watering was done regularly and the plants were 
harvested 90 days after inoculation. The data for the different parameters were 
collected and statistically analyzed. 
Plant Growth: 
Plant length and weight of each treatment was measured by the same 
method as described in experiment 2. 
Leaf Area: 
Five medium size mature leaves from each treatment were randomly 
selected for this purpose and outline of the shape of each leaf was drawn on 
rice papers and the area occupied was measured with the help of planimeter. 
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Estimation of Chlorophyll: 
For estimation of chlorophyll, one g fresh leaves of L. esculentum from 
different treatments were crushed in mortar and pestle containing 50 ml of 80% 
acetone and filtered through Whatman (No.l) filter paper. The filtrate was 
transferred to 100 ml volumetric flask and the volume was made upto the mark 
With 80% acetone. The transmittance was read at 645 and 663 nm on 
spectrophotometer. The amount of chlorophyll a and b was determined as mg/g 
fresh leaf according to the formula given by MacLachlan and Zalik (1963). 
Number of Flowers and Fruits: 
The number of flowers and number of fruits per plant were counted 
visually. 
Number of Galls: 
The number of galls was counted by visual observation. 
Number of Egg Masses: 
Number of egg masses on infected roots was counted by staining galled 
roots with phloxin B. 
Morphometery of Nematode: 
The length and width of female body, its neck, stylet, median bulb, were 
measured using camera lucida. 
RESULTS: r 'Year 
Root and Shoot Length: 
The lengths of the roots and the shoots of tomato decreased significantly 
(p<0.01) in all the treatments when compared with the control (C) plants grown 
in unamended soil and not inoculated with the nematode. Highest reductions 
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(51.47 and 37.26%, in the root and the shoot, respectively) were noticed in C| 
plants, inoculated with the nematode {Meloidogyne incognita) and grown in 
unamended soil. Lowest reductions (34.66 and 22.42%) were observed (in the 
root and the shoot length, respectively) in T3 plants, inoculated with the 
nematode and grown in soil amended with 30% fly ash (Table-14, and HG-IA, 
2A). 
An enhancement in the lengths of the roots and shoots was observed in 
the plants inoculated with the nematode and grown in fly ash amended soil, 
when comparisons were made with the (Ci) plants inoculated with the 
nematode and grown in unamended soil. A non-significant increase over 
control (C]) plants was noticed in Ti plants. In comparison to Cj plants, T2 and 
T4 plants exhibited significant (p<0.05) increase. Increase in the lengths of the 
roots and the shoots over Ci plants was significant (p<0.01) and highest (25.72 
and 19.13%, respectively) in T3 plants. Increase in lengths of the roots and 
shoots was lowest (6.54 and 3.01%, respectively) and non-significant in T5 
plants when compared with C) plants (Table-14, and IB, 2B). 
Fresh and Dry Weight of Root and Shoots: 
In comparison to the weights of the roots and the shoots of uninoculated 
control plants (C), significant reductions (p<0.01) in fresh and dry weights 
were observed in all the treatments. The Ci plants exhibited highest reduction 
(51.89 and 27.14%) in fresh weights and (68.61 and 44.02%)) in dry weights of 
the roots and the shoots, respectively, when compared with the control (C). The 
reducfions (21.08 and 14.99%) in fresh weight and (42.27 and 22.47%) in dry 
weight of the roots and the shoots of T3 plants were lowest. The values of Ti, 
T2, T4, and T5 were non-significantly different with each other (Table-14, and 
HG- 3A, 4A, 5A, 6A). 
In comparison to Ci plants an enhancement in the fresh and the dry 
weights of the roots and the shoots was observed in all the plants inoculated 
with the nematode and grown in fly ash amended soil. A non-significant 
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increase in the fresh and the dry weights of the roots and the shoots was 
observed in Ti and T5 plants, and a significant (P<0.05) increase in T2 and T4 
plants was noticed. Significant (P<0.01) and highest increases (39.04, 14.30, 
and 45.63, 27.78%) in fresh and dry weights of the roots and the shoots, 
respectively, were observed in T3 plants. The lowest (6.80, 1.44, and 10.23, 
5.22%) reductions in fresh and dry weights, were noticed in T5 plants (Table-
14, and HG-3B, 4B, 5B, 6B). 
Leaf area: 
Significant (P<0.01) reductions, in the leaf area, were observed in Ci 
plants as well as in all other treatments from Ti to T5, when comparisons were 
made with un-inoculated control (C) plants. Reduction in the leaf area was 
highest (57.01%) in C] plants followed by T5 plants, (50.52%) when compared 
with the control (C). The reduction was lowest (25.92%)) in T3 plants (Table-
14,andHG-7A). 
In comparison to inoculated control (Ci) plants, an increase in the leaf 
area was observed in the plants inoculated with the nematode and grown in fly 
ash amended soil. In T] and T5 plants increase the in leaf area, over C] plants, 
was non-significant. The T2 and T4 plants exhibited significant (P<0.05) 
increase. Increase in leaf area was significant (P<0.01) and highest (41.96%)) in 
T3 plants and lowest (8.45%o) in T5 plants, when compared with C\ plants 
(Table-14, and HG-7B). 
Chlorophyll Content: 
The amount of chlorophyll a and chlorophyll b, in comparison to un-
inoculated control plants (C), significantly (P<0.01) decreased in Ci plants, 
inoculated with the root-knot nematode (Meloidogyne incognita) and grown in 
the soil not amended with fly ash. The reductions in both the chlorophylls a and 
b were highest (38.60 and 44%o, respectively) in Ci plants. The reductions, in 
comparison to control, (C) were significant (P<0.01) in the amount of 
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chlorophylls a and b in the Tj, T2, T3, T4 and T5 which were inoculated with 
the nematode and grown in fly ash amended soil. Among the plants inoculated 
with the root-knot nematode and grown in fly ash amended soil, highest 
reductions (36.49% in chlorophyll a and 40.95% chlorophyll b ) were observed 
in T5 plants and lowest reductions (18.98%) in chlorophyll a and 15.89%) 
chlorophyll b) in T3 plants. In comparison to control (C) highest reduction in 
the amount of chlorophyll content was observed in C1 plants followed by T5 
plants, and lowest reduction was observed in T^^ followed by T4 plants (Table-
14,HG-8A, 9A). 
In comparison to inoculated control (Ci) plants, the amount of 
chlorophyll a and b increased in the plants and grown in fly ash amended soil 
and inoculated with nematode. In T2 plants, the increase, over Ci was non-
significant. Increase in the amount of chlorophyll a and b in T2 and T4 plants 
was significant (P<0.05). In T5 plants, the increase, however, was non-
significant. The amount of chlorophyll a and b significantly (P<0.01) increased 
in T3 plants. This increase was highest (24.21 and 33.43%, respectively) as 
compared to other treatments. Increase in amount of chlorophyll a and b was 
lowest and non-significant in Ti plants (Table- 14, and HG-8B, 9B). 
Number of Flowers and Fruits: 
The number of flowers and the number of fruits on (CO plants, grown 
in fly ash amended soil had significantly (P<0.01) decreased over un-
inoculated control (C). There was 41.34%) reduction in the number of flowers 
and 51.93% in the number of fruits on Ci plants; these values were highest 
among other treatments (Table-1 and HG-lOA, G-llA). Reductions in the 
number of flowers and fruits were also significant (P<0.01) in other treatments 
from T] to T5 inoculated with the nematode and grown in fly ash amended soil. 
The reductions were lowest (20.46%) in flowers and (27.90%o) fruits in T3 
plants (Table- 14, and HG-lOA, 1 lA). 
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In comparison to inoculated control (Ci), ttie number of tlowers and 
fruits increased in the treatments from. T| to T5, inoculated with the nematode 
and grown in fly ash amended soil. Increase in yield was non-significant in Ti 
and T5 plants. In T2 and T4 plants, increase in number of flowers and fruits was 
significant (P<0.05) but highest and significant (P<0.01) increase in number of 
flowers (26.24%) and fruits (33.31%) was observed in T3 plants (Table-14, and 
HG-lOB, IIB). 
Number of Galls: 
Galls were noticed on all the nematode inoculated plants. In comparison 
to inoculated control (Ci), number of galls per plant decreased in all the 
treatments from Tj to T5. The reductions in gall number were non-significant in 
Ti and T2, but significant (p<0.05) in T3 plants, over the inoculated control 
(Ci). In T4 and T5 plants the number of galls decreased significantly (p<0.01), 
with higher reduction in T5 (34.08%), followed by T4 (26.23%) plants. The 
lowest (4.41%) reduction in the number of galls was in Ti plants (Table-15). 
Number of Egg Masses: 
In comparison to inoculated control (CO plants, number of egg masses 
per plant reduced in all the treatments from T. to T5. A non-significant 
reduction was noticed in Ti and T2 plants. In T3 plants, the reduction was 
significant (p<0.05). In T4 and T5 plants, significant (p<0.01) reductions in 
number of egg masses were observed, being highest in T5 (30.68%) followed 
by T4 (24.36%) plants. Lowest (2.44%) reductions were found in T] plants 
(Table-15). 
Body Length and Width: 
The length and the width of mature female decreased in all the nematode 
inoculated plants grown in fly ash amended soil, when compared with 
nematode inoculated plants grown in unamended soil (Cj). There was a non-
significant reduction in the length and the width of mature female in T] and T2 
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plants. The reductions were significant (p<0.05) in T3 plants. Significant 
(p<0.01) and higher reductions in the length and the width of the mature female 
were found in T4 and T5 plants. The reductions in the length and the width were 
4.46 and 10.62%, respectively in T5 plants followed by T4 plants showing 3.57 
and 6.70%, respectively. The reductions were minimum (0.45 and 0.75%, 
respectively) in Tj plants (Table-15). 
Neck Length and Width: 
The length and the width of neck, in comparison to inoculated control 
(Ci), reduced in the plants inoculated with the nematode and grown in fly ash 
amended soil. In Ti and T2 plants, neck length and width decreased non-
significantly. The T3 plants exhibited significant (p<0.05) reduction in the neck 
length and width. The reduction in the neck length and width was also 
significant (p<0.01) and higher in T4 and T5 plants. Highest reduction (14.10 
and 35.59%, respectively) in neck length and width of female was observed in 
T5 plants followed by T4 plants (8.63 and 32.18%, respectively). The Ti plants 
exhibited minimum reduction (0.64 and 2.82%)) in neck length and width of the 
mature female (Table-15). 
Stylet Length and Width: 
The length and the width of stylet of mature females decreased in all the 
treatments from Ti to T5, when compared with Ci. The reductions were non-
significant in T] and T2 plants and significant (p£0.05) in T3 plants. Significant 
(p<0.01) and higher reductions were observed in T4 and T5 plants, being highest 
(1.33 and 1.20%, respectively) in T5 followed by T4 plants (1.22 and 1.20%o, 
respectively) (Table-15). 
Length and Width of Medium Bulb: 
In comparison to inoculated control (Ci), the length and width of the 
median bulb of the mature females reduced in all the treatments from Ti to T5. 
A non-significant reduction was observed in Ti and T2 plants whereas 
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significant (p<0.05) reduction was noticed in Tj plants. Reductions in the 
length and the width were highest (34.47 and 10.01%, respectively) in T5 plants 
followed by T4 plants (26.38 and 9.62%, respectively). The reductions were 
lowest (3.43 and 0.79%, respectively) in Ti plants (Table-15). 
Root and Shoot Length: 
The length of the roots and the shoots reduced significantly (p<0.01) in 
Ci and all the other treatments, when compared with un-inoculated control (C) 
plants. Highest reductions in the length of the roots and shoots were observed 
in Ci plants (51.86 and 37.54%, respectively) followed by T5 plants in which 
the reduction were 47.10 and 35.11%, respectively. The reductions were lowest 
(35.31 and 33.24%, respectively) in T3 plants, inoculated with root-knot 
nematode and grown in fly ash amended soil (Table-16, and HG-1 A. 2A). 
The length of the roots and the shoots increased in all the nematode 
inoculated plants grown in fly ash amended soil, when compared with 
inoculated control (Ci) plants. In Ti and T5 plants, increase in the length of the 
roots and the shoot was non-significant, whereas in T2 and T4 plants a 
significant (p<0.05) increase over Ci was noticed. The increase was significant 
(p<0.01) and greatest (25.66 and 18.81%), respectively) in T3 plants, and lowest 
(6.29 and 2.51%, respectively) and non-significant in T5 plants (Table-16, and 
HG-IB, 2B). 
Fresh and Dry Weight of Root and Shoot: 
Fresh and dry weights of the roots and the shoots reduced significantly 
(P <0.01) in Ci and all other treatments, when compared with un-inoculated 
control (C) plants. Highest reductions in fresh and dry weights of the roots and 
shoots were observed in C, plants (52.52, 27.21%) and 69.01, 44.11%, 
respectively) followed by T] plants, in which reductions were 48.23, 25.37%), 
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and 63.93, 40.22%, respectively. Minimum reductions (23.03, 15.50% and 
45.08, 23.22%, respectively) in the fresh and dry weights of the roots and the 
shoots were observed in T3 plants (Table-16, and HG- 3A, 4A, 5A, 6A). 
The plant weight ( root as well as shoot) increased in all nematode 
inoculated plants grown in fly ash amended soil, when compared with 
inoculated control (C\) plants. The increase was non-significant in T, and T5 
plants, and significant (P <0.05) in T2 and T4 plants. Maximum and significant 
(P <0.01) increase in fresh and dry weight of the roots and the shoots (38.34, 
13.85%, respectively and 43.58, 27.20%, respectively) occurred in T3 plants 
whereas minimum (6.31, 1.35%, and 8.69, 4.73%, respectively) increase was 
noticed in T5 plants (Table-16, and HG-3B, 4B, 5B, 6B,). 
Leaf Area: 
In comparison to un-inoculated control (C) plants, significant reductions 
(P<0.01) in the leaf area were observed in Ci and in all the other treatments. 
Highest reduction (57.58%) in the leaf area was observed in Ci plants followed 
by T5 plants which showed 51.62%) reduction. The reduction in the leaf area 
was lowest (29.53%) in T3 plants (Table-16, and HG-7A). 
An increase in the leaf area was observed in all nematode inoculated 
plants grown in fly ash amended soil, when compared with inoculated control 
(Ci) plants. The increase in the leaf area was non-significant in Ti and T5 plants 
and significant (P<0.01) in T2 and T4 plants. The increase was greatest 
(39.21%)) and significant (P<0.01) in T3 plants and lowest (5.95%) in T5 plants 
(Table-16, and HG-7B). 
Chlorophyll Contents: 
Significant reductions (P<0.01) in the amount of chlorophyll contents 
were observed in Ci plants and all the other treatments, when compared with 
un-inoculated control (C) plants. Highest reductions in the amount of 
chlorophyll a and b (39.21%) and 44.17%, respectively) were observed in C] 
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plants followed by T5 plants, in which the reductions were 37.63% and 40.49%, 
in the amount of chlorophyll a and b, respectively. The reductions were lowest 
(20.29%)) in chlorophyll a, and (16.31%) in chlorophyll b, in T3 plants. In the 
amount of chlorophyll content, greatest reduction was observed in Cj followed 
by T5 plants, and lowest reduction was observed in T3 plants. (Table-16, and 
HCT-8A, 9 A ) 
The amount of chlorophyll a and b increased in all the nematode 
inoculated plants grown in fly ash amended soil, when compared with 
inoculated control Ci plants. In Ti and T5 plants, the increase in the length of 
the root and the shoot was non-significant. In T2 and T4 plants, there was a 
significant (P<0.05) increase. The increase was greatest and significant 
(P<0.01) in T3 plants being 23.74% in chlorophyll a and 32.28%o in chlorophyll 
b, and lowest being 2.54% in chlorophyll a and 4.81%) in chlorophyll b in T5 
plants Increase in amount of chlorophyll content was lowest in T5 plants and 
highest in T3 plants (Table-16, and HG-8B, 9B). 
Number of Flowers and Fruits: 
Significant reductions (P<0.01) in number of flowers and fruits were 
observed in Ci and in all the other treatments, when compared with un-
inoculated control (C) plants. Highest reductions in the number of flowers and 
fruits (41.89 and 52.15%, respectively) were observed in Ci plants, followed by 
T5 plants in which the reductions were 38.85 and 49.21%), respectively. The 
reductions were lowest (21.28 and 28.62%)) in the number of flowers and fruits 
respectively, of T3 plants. (Table-16, andHG-10A,llA). 
The number of flowers and fruits increased in all the nematode 
inoculated plants grown in fly ash amended soil, when compared with 
inoculated control (CO plants. In Tj plants, increase in the number of flowers 
and fruits was non-significant. In T2 and T4 plants, however, there was a 
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significant (P<0.05) increase. Significant (P<0.01) and highest increase (26.18 
and 32.96%) was observed in T3 plants and lowest (3.64% and 4.31%) in T5 
plants (Table-16, and HG-lOB, 1 IB). 
Number of Galls: 
The number of galls decreased in all the treatments from T| to T^^ when 
compared with inoculated control (Ci) plants. In fi and f2 plants, reduction in 
the number of gall was non-significant, whereas in T3 plants, the reduction was 
significant (p<0.05). The reduction was significant (p<0.01) and greatest in T5 
(43.28%) followed by T4 plants (30.97%) (Table-17). 
Number of Egg Masses: 
The number of egg masses decreased in all the treatments from Ti to T5, 
when compared with Ci, The reductions were non-significant in Ti and T2 but 
significant (p<0.05) in T3 plants. Highest and significant (p<0.01) reductions in 
the number of egg masses per plant were observed in T4 and T5 plants. The 
reductions were highest (37.74%) in T5 followed by T4 (29.88%) plants. Lowest 
reductions (4.13%) occurred in Tr plants (Table-17). 
Body Length and Width: 
A non-significant reduction in the length and width of mature female 
was observed in T) and T2 plants grown in fly ash amended soil, when 
compared with nematode inoculated Ci plants. In T3 plants a significant 
(p<0.05) reduction in the length and the width was observed. In T4 and T5 
plants the reductions were higher and significant (p<0.01). Maximum reduction 
in body length and width was observed in T5 plants (4.91 and 11.51%, 
respectively) followed by T4 plants showing 4.00 and 1.65% reduction, 
respectively. Minimum reduction (0.56 and 0.99%) in the body length and 
width occurred in Ti plants (Table-17). 
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Neck Length and Width: 
Neck length and width of female decreased in all the nematode 
inoculated plants grown in fly ash amended soil, when compared with 
inoculated control (Cj) plants. In Tj and T2 plants, the reduction in the number 
of egg masses w-as non-significant. In T3 plants, there was significant (p<0.05) 
reduction. The reduction was greatest and significant (p<0.01) in the length and 
the width of neck in T5 plants (15.70 and 37.54%, respectively) followed by T4 
plants (12.5 and 33.05%, respectively). Minimum reduction (1.12 and 5.04%, 
respectively) was noticed in Tj plants (Table-17). 
Stylet Length and Width: 
Significant and higher reductions in the length and the width of the 
stylet of mature females were found in T5 plants, when compared with 
inoculated (Ci). The reductions were non-significant in Ti and T2 plants and 
significant (p<0.05) in T3 plants (Table-17). 
Length and Width of Medium Bulb: 
When the length and the width of median bulb in all the treatments were 
compared with that of C], it was revealed that non-significant reductions 
occurred only in Ti and T2 plants. In T3 plants, the reductions were significant 
(p<0.05). The reductions were significant (p<0.01) and highest in T5 plants 
(35.86 and 10.78%, respectively) followed by T4 plants (28.63 and 10.64%), 
respectively). Lowest reductions were observed in Ti plants (3.94 and 1.37%), 
respectively) (Table-17). 
RESULTS: 3*^ " Year 
Root and Shoot Length: 
A significant (p<0.01) reduction in the length of the roots and the shoots 
of the treatments from Tj to T5, was observed, in comparison to control (C) 
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plants. Highest reductions in the length of the roots and the shoots of Ci plants, 
in comoarison to control (C) olants. were (51.13 and 38.76%. resnectivelvi 
Highest reductions among the plants grown in fly ash amended soil were 
observed in T5 plants (48.84 and 36.73%, respectively) and lowest in T3 plants 
(36.15 and 23.69%, respectively) (Table-18, and HG-IA, 2A). 
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amended soil were compared with the length of the roots and the shoots of Ci 
plants, it was observed that significant (P<0.01) increase occurred only in T3 
plants. The T2 and T4 plants exhibited significant (P<0.05) increase in the 
lengths of the roots and the shoots whereas Ti and T5 plants exhibited non-
significant reductions. Increase in length of the roots and the shoot was 
maximum in T3 plants (24.39 and 18.57%, respectively) and minimum (5.63 
and 2.06%), respectively) in T5plants (Table-18, and HG-IB, 2B). 
Fresh and Dry Weight of Root and Shoots: 
There were significant (P<0.01) reductions in the fresh and the dry 
weights of the roots and the shoots of Cj plants as well as all other treatments 
from Ti to T5, when compared with un-inoculated control (C) plants. The 
reductions in the fresh and the dry weights of roots and shoots were maximum 
(53.00, 27.21%, and 69.92, 44.64%), respectively) in Ci plants followed by Tj 
plants showing 48.90, 25.80%) and 65.28, 41.45%) reductions, respectively. 
Minimum reduction in fresh as well as dry weight of roots and shoots were 
(24.86, 15.72%, and 47.10, 24.36%)) observed in T3 plants. Among nematode 
inoculated plants grown in fly ash amended soil, maximum reductions in the 
fresh and the dry weight of the roots and the shoots (50.54, 26.45, and 66.92, 
42.29%o) were observed in T5 plants (Table-18, and HG-3A,4A,5A,6A). 
When fresh and dry weights of the roots and the shoots of the plants 
grown in fly ash amended soil were compared with that of Ci plants, it was 
revealed that significant (P<0.01) and highest increase (37.45, 13.63%, and 
42.18, 26.81%), respectively) occurred in T3 plants. The treatments Ti and T5 
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showed non-significant increase, and T2 and T4 exhibited significant (P<0.05) 
increase. The T5 plants showed lowest (4.97, 7.5% and 1.02 and 4.07%) 
increase in fresh and dry weights of the root and the shoot (Table-18, and HG-
3B, 4B, 5B, 6B). 
Leaf area: 
A significant (P<0.01) reduction in the leaf area of Ci plants, and the 
plants of other treatments was observed, in comparison to un-inoculated control 
(C) plants. The reduction in C) plant was 58.10%). Among the plants grown in 
fly ash amended soil, highest reduction in the leaf area was observed in T5 
plants (56.48%). The reduction was lowest (31%)) in T3 plants (Table-18, and 
HG-7A). 
When the leaf area of the plants grown in fly ash amended soil was 
compared with the leaf area of Ci plants, it was revealed that significant 
increase in T3 plants (P<0.01), and in the treatments T2 and T4 plants (p<0.05) 
increase had occurred. In Tj and T5 plants non-significant increase in leaf area 
over Ci was found. Increase in the leaf area was highest (20.51%)) in T3 and 
lowest (3.72%)) in T5plants (Table-18, and HG -7B). 
Chlorophyll Content: 
There were significant (P<0.01) reductions in the amount of chlorophyll 
a and b of Cj plants and the plants of the treatments from Ti to T5, when 
compared with un-inoculated control (C) plants. The reductions in the amount 
of chlorophyll a and b of C| plants, in comparison to C plants were 39.30 and 
44.44%), respectively. Among the plants grown in fly ash amended soil, highest 
reductions were observed in T5 plants (38.55%o in chlorophyll a and 42.59%o in 
chlorophyll b) (Table -18, HG-8A, 9A). 
When the chlorophyll a and b of the plants grown in fly ash amended 
soil were compared with the chlorophyll a and b of Ci plants, significant 
(P<0.01) increase in T3 plants and in T2 and T4 plants (P<0.05), was noticed. 
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The chlorophyll content of Ti and T5 plants exhibited (non-significant) increase 
Increase in chlorophyll a and b was highest in T3 plants and lowest in T5 plants 
(Table -18, HG-8B,HG-9B).. 
Number of Flowers and Fruits: 
There were significant (P<0.01) reductions in the number of flowers and 
fruits of C] plants and other treatments from Tj to T5, when compared with un-
inoculated (C) plants. The reductions in flowers and fruits of Ci plants, in 
comparison to control (C) plants were (44.66 and 52.38 %, respectively). 
Among the plants grown in fly ash amended soil, highest reductions (40.31 and 
50.79%) were observed in T5 plants. The reductions in the number flowers and 
fruits were lowest (21.76 and 29.36%, respectively) in T3 plants (Table-18, 
HG-lOA, 11 A,). 
When the number of flowers and fruits of the plants grown in fly ash 
amended soil were compared with those of Cj plants, it was observed that 
significant (P<0.01) increase occurred only in T3 plants. In Ti, and T5 plants 
non-significant reduction was noticed. Increase in the number of flowers and 
fruits was highest (25.43 and 32.58%) in T3 plants and lowest (2.55 and 
3.22%) in T5 plants (Table -18, HG-lOB, 1 IB). 
Number of Galls: 
When the number of galls for plant in all the treatments (Ti to T5) were 
compared with that of Ci plants it was revealed that reductions occurred 
significantly (p<0.01) in T3, T4 and T5 but non-significanfly in Ti and T2 plants. 
The reductions were highest (50.00%) in T5 plants followed by T4 plants 
showing 35.97% reduction in gall number. The reduction in the number of gall 
was lowest (8.82%) in T, plants (Table-19). 
Number of Egg Masses: 
When the number of egg masses in all fly ash amended treatments, were 
compared with that of Cj, it was observed that non-significant reductions 
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occurred in Ti and T2 plants, and significant (p<0.01) in T3, T4 and T5 plants. 
Highest reductions were observed inTs plants (46.05%) followed by T4 plants 
(32.12%) whereas smallest reductions (8.19%) were observed in Tj plants 
(Table-19). 
Body Length and Width: 
In comparison to nematode inoculated (Ci) plants, non-significant 
reduction in the length and the width of mature female was noticed in T) and 
T2 plants, whereas T3, T4 and T5 plants showed significant (p<0.01) reductions. 
Maximum reduction (5.35 and 12.74%) in the body length and width of the 
female was observed in T5 plants followed by T4 plants (4.35 and 9.24%), 
whereas minimum reduction (1.07 and 2.20%) in the body length and width of 
mature females was noticed in Ti plants (Table-19). 
Neck Length and Width: 
Neck length and width of female decreased non-significantly in T] and 
T2 plants and significantly (p<0.01) in T3, T4 and T5 plants, when comparisons 
were made with inoculated control (CO plants. Greatest reductions (16.16 and 
38.85%)) in neck length and width of female were observed in T5 plants 
followed by T4 plants (13.64 and 34.21%). The Ti plants showed smallest (2.10 
and 6.43%) reductions in the number of egg masses (Table-19). 
Stylet Length and Width: 
Reduction in stylet length and width of mature female were noticed, 
where plants were grown in fly ash amended soil. Significantly higher 
reductions were observed in T4 and T5 plants, being highest (1.33 and 1.20%, 
respectively) in T5, followed by T4 plants (1.22 and 1.20%, respectively), when 
comparison were made with C| where the plants was grown in fly ash amended 
soil (Table-19). 
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Length and Width of Median Bulb: 
The length and the width of the median bulb of the females decreased in 
all the treatments in comparison to Ci. The reductions were non-significant in 
Ti and T2 but significant (p<0.01) in T3, T4 and T5 plants. The reductions were 
highest (36.59 and 10.94%, respectively) in T3 plants and lowest in Tj plants 
(6.01 and 1.56%, respectively) (Table-19). 
DISCUSSION 
The aim of the following experiment was to find out the effects of fly 
ash on the growth, leaf area, yield, and leaf chlorophyll contents of root-knot 
nematode (Meloidogyne incognita) infected tomato (Lycopersicon esculentum) 
plants as well as on the development of the nematode. The experiment was 
performed for three consecutive years; the soil was amended with fly ash in the 
first year; second and third year only manure was added. The data revealed that 
growth parameters (length of the roots and the shoots; fresh and dry weight of 
the roots and the shoots; and leaf area), yield parameters (number of flowers 
and fruits per plant), and chlorophyll contents (chlorophyll a and b) decreased 
significantly in Ci plants, where the plant were grown in un-amended soil and 
were inoculated with the nematode. The results indicated that the nematode 
successfully caused disease in tomato plants. Root-knot nematode infection in 
tomato plants has been reported in a number of plants (Khan, 1989; Akhtar and 
Mahmood, 1994b, 1995b, 1996e; Ahmad et al, 2007). The similar results with 
certain deviations were obtained in all the three consecutive years. 
From the data it was found that growth, yield and chlorophyll content 
parameters decreased in all the treatments where plants were grown in fly ash 
amended soil and were inoculated with the nematode, and when compared with 
control (C). From this finding it might be inferred that the impact of the disease 
was so prevalent that it could not be compensated by amendment of soil with 
fly ash. 
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On comparing the parameters of T| and T2 plants of first year with the 
control, it was noticed that Tj plants exhibited an improvement over Ti plants 
but the improvement was far behind and the values were far lower than the 
control. It has been found that fly ash addition into the soil has enhanced plant 
growth. Khan (1989) reported an increase in growth of tomato infected with the 
root-knot nematode and grown in fly ash amended soil. In Lagenaria leucanta, 
there was an improvement in the growth due to addition of fly ash into the soil 
(Yasmin, 2002). Several other workers like Singh (1989); Stevens and Dunn 
(2004) described increase in yield of Gossyphim by fly ash addition and 
proposed that the higher uptake of Mg resulted increase in growth. At lower 
rates of fly ash, growth of Canola was increased before flowering, and at the 
time of seed maturation seed weight was increased by 21% (Yunusa et 
a/.,2008). 
From the tables (14, 16, and 18), it was evident that all the growth 
parameters exhibited improvement in T3 plants than in T], T2, and T4 plants. In 
T4 and T5 plants a decreasing trend over T3, in the values of growth parameters 
was noticed. These results indicated that addition of fly ash to certain extent is 
beneficial for the plant but after the threshold limit the effects are deleterious. 
In all the treatments, the values were far lower that control plants. From this 
observation it might be suggested that root-knot infection successfully 
parasitized the plant even in presence of soil amendment agent. 
From the table (14, 16, and 18), it is evident that the plant growth, yield 
and chlorophyll contents increased in all the treatments when compared with Ci 
plants. It was further revealed from the tables (14, 16, and 18) that increase in 
these parameters were non-significant in Ti, T2 and T5 plants but significant in 
T3 and T4 plants. Highest increase was revealed in T3 plants. From these 
finding it might be concluded that 30% fly ash is the threshold value below and 
above which growth parameter values were decreased. 
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Among the plants inoculated with root-knot nematode and grown in fly 
ash amended soil, maximum loss was found in T5 plants and minimum in T3 
plants. These findings led to the idea that application of lly ash into the soil 
probably improved the physico-chemical characteristics of the soil that proved 
favourable for the plant growth and other plant characteristics. Effects of 
addition of fly ash into the soil, on plant growth and on Meloidogyne spp. have 
been worked out by several workers. They have found that nematode 
infestations and crop damages are greater in un-amended soils than in soils 
amended with fly ash (Khan, 1989; Singh, 1989; Pasha et al, 1990; Singh, 
1993; Khan et al, 1997; Yasmin, 2002; Hisamuddin et al, 2003; 2007 and 
Khan and Ghadipur, 2004: Azam et al, 2007: Niyaz, 2008). 
Any alteration in the soil affects its physical and chemical 
characteristics. Addition of fly ash is an alteration that results in the change of 
physical as well as chemical characteristics of the soil. The most important 
aspect of fly ash amendment is the change in texture of the soil. Because of a 
definite size of ash particles, the textural characteristics are shifted from sandy-
loam to loamy-sand type. Increases in cation exchange capacity, pH, and water 
holding capacity have been found due to fly ash amendment. Depending upon 
the size of ash particles, porosity of soil might increase or decrease. Higher 
concentrations of carbonates and bicarbonates in soil due to fly ash addition 
(Khan and Khan, 1996; Siddiqui et al, 2004) and increase in pH above neutral 
(Khalil and Shah, 1979) have produced adverse effects on nematode 
penetration and subsequently on disease development. Dibenzoforan and 
dibenzo-o-dioxine mixtures (Helder et al, 1982; Sawyer et al, 1983), heavy 
metals, like arsenic, cadmium chromium, copper, lead, nickel, selenium and 
zinc (Khan et al, 1997) have been reported in fly ash amended soils which 
probably played a major role in killing the nematode juveniles directly in the 
soil. 
Alteration in soil porosity, probably, resulted in slowing down nematode 
movement in amended conditions of the soil. The juveniles probably could not 
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reach the young root at proper time. Probably soil produced some adverse 
effects on nematode penetration that ultimately curtailed disease severity. 
Occurrence of mineral elements like P, K, Ca, B and Mg in fly ash and their 
accumulation in plant, might enhance natural defense mechanism against the 
nematodes as has been suggested by Francois, (1984); and Khan et al, (1997). 
Nitrogen is almost absent in fly ash (Adriano et al, 1980). Nitrogen deficiency 
in soils declined the rate of development of M. javanica on tomato (Davide and 
Triantaphyllu, 1967), and caused abnormal development of nematode juveniles 
(Singh, 1993). 
Increasing trend in the parameters at lower concentration indicated that 
alteration in physicochemical characteristics favoured plant growth. Highest 
increase was probably due to optimal intake of mineral nutrients by the plants. 
Decrease in growth and yield parameters in T4 plants as compared to T3 plants 
might be attributed to abundance of heavy metal elements or unfavourable 
physical characteristics. At lower levels physico-chemical conditions were 
improved but after 30% these condition deteriorated. Chlorophyll synthesis 
depends on the availability and concentration of magnesium in the soil. 
Increase in amount of chlorophyll pigment was probably due to availability of 
magnesium and other mineral elements in higher amount. A decrease in 
chlorophyll contents at higher concentration might be attributed to toxic effects 
of excessive amount of mineral elements. It has been found that amount of Mg 
in the soil is increased due to fly ash addition; therefore, rate of chlorophyll 
synthesis is increased. 
Increase in concentration of fly ash in the soil caused decrease in galling 
on root-knot nematode infected plants. There was an inverse relationship 
between fly ash level and number of galls per plant. This observation led to the 
idea that heavy metals present in fly ash were absorbed by the plants. Since 
nematode depends solely on plant metabolites, therefore, these heavy metal 
ions or their compounds produced harmful effects on the nematode. The 
nematodes either did not develop properly or were killed during their 
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developmental stages. This idea was further strengthened by observing the 
values of number of egg masses per plant, which declined with an increase in 
fly ash level. 
The data of morphometrical studies revealed that fly ash produced 
deleterious effects on the development of the nematode as is evident from data 
of first year experiments where reduction in length and width of the mature 
female was noticed. The measurements of median bulb, neck and stylet also 
showed reduction, in comparison to those developed on the roots of the plants 
grown in un-amended soil. It appeared that presence of heavy metals and toxic 
substances in fly ash, probably, intervened in the development of the nematode. 
Wong and Wong (1986): Parveen (2006) and Niyaz (2008) also supported the 
view that higher levels of fly ash, due to accumulation of toxic substances, 
might have suppressive effects on microbial activity like root nodule bacteria 
and root-knot nematodes. Helder et al, (1982) attributed the inhibitory effect of 
the fly ash to the presence of toxic substances and heavy metals. Singh (1993) 
reported significant reductions in the morphometrical parameters of M. 
Javanica as a result of fly ash amendment. 
The data of second year revealed that the growth parameters decreased 
significantly in Ci and all other treatments when compared with control (C]). 
On comparing the treatments from T] to T5 with C], increasing trend growth 
parameters was noticed. This indicated that fly ash amendment supported the 
plant growth. Among fly ash treated plants highest reduction in growth 
parameters, chlorophyll contents and yield was observed in T5 plants and 
lowest in T3 plants, in comparison to un-inoculated control. This indicated that 
amendment of soil with 30% fly ash was more beneficial to the plants than 
other fly ash levels. In comparison to inoculated control (CO, an increase in the 
values of plant growth, leaf area, chlorophyll pigment and yield in all the 
treatments from Ti to T5 might be attributed to increase in concentration of 
nutrient elements in the soil. Alteration in physical characteristics of the 
amended soil probably also supported plant growth. However, the decreasing 
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trend in T4 and T5 plants might be due to the presence of nutrient elements in 
excess amount in the fly ash. The physical characteristics like porosity became 
unfavorable for the plant growth. The amendment of soil with 30% fly ash 
seems to be more beneficial for all growth parameters and biochemical aspects 
like chlorophyll pigm.ent and yield. 
On comparing the values of the first and the second years, a declining 
trend in growth parameters was noticed. The growth of plant, leaf area, 
chlorophyll contents and yield parameters exhibited decrease in the second year 
values than that of the first year values. From this finding it might be inferred 
that fly ash already present in soil did not support plant growth in the second 
year. It was probably due to occurrence of trace elements and heavy metal 
elements in the soil that were responsible in reduction of the growth parameters 
in second year. The number of galls and number of egg masses in second year 
exhibited a trend similar to the first year. In comparison to the data of the first 
year, it was observed that at the same fly ash levels, the number of galls and the 
number of egg masses exhibited further reduction in the second year. 
Fly ash amended soil from which a crop was obtained was not as 
beneficial as was in the previous year for the plant as well as for the nematode 
as was evident from the data of the second year experiments. The 
morphometrical parameters of the mature females exhibited further reduction 
in the values. The lengths and the widths of body, neck, median bulb and stylet 
were decreased when compared with the values of first year experiments. From 
these findings it might be speculated that the fly ash components were not 
favourable for the nematode development as well. Any change in the plant 
environment could influence nematode development within their host plants 
(Wallace, 1969). At very high concentration Pasha et al, (1990) found 
decreased soil population of M. javanica at 10-100% fly ash levels. 
The data of the third year indicated that plant length, plant weight, leaf 
area, yield and amount of chlorophyll, all exhibited reduction at all the fly ash 
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levels, when compared with un-inoculated control. The reductions in these 
parameters were higher even than the values of second year. While comparing 
the results of all the three years, it might be deduced that fly ash addition might 
be beneficial to the plants only for one time. For the addition of fly ash caused 
reduction in plant growth (Yasmeen, 2002). The results showed that 30% level 
was most suitable for the plant growth which exhibited highest increase in the 
first year and the lowest reduction in the third year. On the contrary a higher 
concentration of fly ash (50%) was least beneficial to plant in the first year and 
most detrimental in the third year. 
The pathogenic effects like galling and egg mass production in the 
infected regions, in the third year were although similar to that of first and 
second year experiments, but in the third year experiments higher reductions 
were noticed in the gall number and in egg mass producfion, at the same fly ash 
levels. The morphometrical studies of the nematode in the third year 
experiments indicated higher reductions in the dimension of morphomertical 
parameters. Higher concentrations of fly ash were more injurious for the 
development of the nematode. From this study it was found that fly ash 
addition of any concentration in the soil hampered normal development of the 
nematode. These facts might be ascribed to the heavy metal elements that 
probably affected metabolic reactions of the nematode. Due to fly ash 
amendments, physiological and biochemical activities of the plants might be 
affected, causing harmful effects on the nematode development through altered 
supply of the nutrients. Reduced nitrogen content of the plants might have 
contributed toward the abnormal development of the nematodes. Nitrogen 
deficiency has been reported to retard the rate of development of M javanica 
on tomato (Davide and Triantaphyllou, 1967). 
Thus from our findings it might be concluded that fly ash amendment, 
(i) initially increase the plant growth, length of plant, weight of plant, yield and 
chlorophyll contents, (ii) decreased plant growth at higher concentration, (iii) 
decreased galling, egg mass production, (iv) decreased the extent of 
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development of the nematode, and (v) decreased values of all the parameters in 
the second and the third year. Since fly ash changed physical characteristics of 
the soil and hence affected plant growth and nematode development. Keeping 
in view the deleterious aspects of fly ash, it is necessary to ascertain the 
appropriate dosage of tly ash for the amendment of soi!,as over dose might lead 
to phytotoxicity. 
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EXPERIMENT 5 
Effect of Cassia tora and Paecilomyces lilacinus on Meloidogyne 
incognita infecting tomato grown in fly ash amended soil 
INTRODUCTION 
Root-knot nematode, Meloidogyne incognita, is the causal organism of 
root-knot disease of vegetables. The second-stage juvenile (J2) is the infective 
stage that injures the young roots and gains entry into the inner tissues 
(Christie, 1936). The injured roots become vulnerable to other disease causing 
agents particularly the root-rot fungi. Nematodes and fungi together result in 
disease complexes which cause huge economic losses. The plants are also 
affected by pollutants. The pathogens produce different effects under polluted 
environment. The pollutants are categorized into particulate and gaseous, both 
of which are of great concern for the plants as they cause chlorosis leading to 
necrosis in the leaves and other exposed parts, when deposited in higher 
amounts (Das, 1986). The fly ash, one of the solid products of coal burning 
greatly influences soil chemistry. Several workers are trying to use fly ash for 
managing the root knot nematode, Meloidogyne incognita (Hisamuddin et al, 
2005; Hisamuddin, 2008; Niyaz, 2008). The present study was undertaken to 
investigate the effect of fly ash as a soil amendment agent on the pathogenicity 
of root-knot nematode (M incognita) on tomato. The efficacy of Cassia tora 
and, Paecilomyces lilacinus in managing M. incognita was investigated in fly 
ash amended soil. The experiment was designed as per the following treatment 
scheme. 
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Treatments 
C 
T. 
^ 1 
T2 
T3 
T4 
T5 
Fly ash 
-
-
-
20%+ 
30%+ 
50%+ 
Cassia tora 
-
-
+ 
+ 
+ 
+ 
Nematode 
-
+ 
+ 
+ 
+ 
+ 
Treatments 
C 
T, 
T2 
T3 
T4 
T5 
Fly ash 
-
-
-
20%+ 
30%+ 
50%+ 
P. niacin us 
-
-
+ 
+ 
+ 
+ 
Nematode 
+ 
+ 
+ 
+ 
+ 
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Material and Method 
Raising the Test Plant 
(A) Axenization of Seeds: 
The seeds of Lycopersicon esculentum (Pusa ruby) were axenized by 
NaOCl method (Koenning and Barker, 1985). About 200 seeds were placed in 
a 500 ml sterilized beaker filled with 1:1 mixture of 95% ethanol and 5.25% 
NaOCI. The mixture was stirred gently and the seeds were allowed to soak for 
about 8-10 minutes. The mixture was drained off and the seeds were rinsed 
with sterilized distilled water. 
(B) Seed Germination and Transplantation of Seedlings: 
About 10-12 axenized seeds were placed on a moist sterilized filter 
paper kept in a sterilized petridish. The seeds were allowed to germinate for 
three days. The germinated seedling were transferred to clay pots of 30cm 
diameter filled with steam sterilized soil (7 clay: 3 sand: 1 farmyard manure), 
amended with different concentrations of fly ash. The seedlings were thinned to 
one seedling per pot before nematode inoculation. 
Inoculation with Nematode: 
When the seedlings were one week old, holes of 5-7 cm depth around 
the plant within radius of 2 cm were made. Through these holes second-stage 
juveniles (2,000J2 per pots) were introduced with the help of sterilized pipette. 
Preparation of Fungal Inoculum and Inoculation: 
The culture of Paeciolomyces lilacinus was obtained from Indian 
Agriculture Research Institute, New Delhi. It was maintained on Potato 
Dextrose Agar (PDA) slant as described in Experiment 3. After enmassing of 
P. lilacinus on Richard medium, lOOg of mycelium was blended in 1,000 ml of 
double distilled water in blender so that 10 ml of suspension contained one g of 
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mycelium. The fungal suspensions of P. lilacinus were incorporated into the 
soil around the roots of Lycopersicon, by making holes, 5-8 cm deep, within 
the radius 2 cm. After inoculation of the fungus, the holes were plugged with 
sterilized soil. The pots were kept in glass house in a complete randomized 
block design. Regular watering was done to maintain soil moisture. Un-
inoculated and un-amended plants served as control. The plants were harvested 
90 days after inoculation. After harvesting different parameters were noted and 
statistically analyzed. 
Leaf Extract Preparation: 
Fresh leaves of Cassia tora were washed with running tap water 
followed by sterilized distilled water. 100 gram of leaf pieces of C. tora plant 
were ground in a grinder with 100 ml of distilled water. The botanical thus 
obtained was kept under refrigeration to avoid bacterial or ftingal 
contaminations. 20 ml of leaf extract of C tora was incorporated into the soil 
as was done with the fiingus. 
Plant Growth: 
After 90 days of transplantation, the mature plants were uprooted with 
the help of hoe and gently washed with running tap water. The plants were cut 
at the margin of root and shoot. Length of the root and the shoot was measured 
in centimeter with the help of meter scale. Fresh weight of the root and the 
shoot was determined by physical balance. Roots and shoots were kept 
separately in bamboo paper envelopes and kept in an incubator maintained at 
72°C temperature for 5 days. Dry weight of the root and the shoot was 
determined. 
Leaf Area: 
Five medium size mature leaves from each treatment were randomly 
selected for this purpose. Outline of the shape of each leaf drawn on rice paper 
and the area occupied was measured with the help of planimeter. 
l^ t*"*^ * 
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Number of Flowers and Fruits: 
The number of flowers and fruits per plant of each treatment was 
counted by visual observation. 
Root - knot Index and Egg Mass Index: 
The gall and egg mass indices were rated on Taylor and Sasser (1978) 
scale. 
Scale 
0 
1 
2 
3 
4 
5 
Root-knot index 
0 
1-2 
3-10 
11-30 
31-100 
>100 
Egg masses index 
0 
1-2 
3-10 
11-30 
31-100 
>100 
Results: 
Fly Ash + Cassia tora + Meloidogyne incognita. 
Root and Shoot Length: 
There was significant (P<0.01) reduction in the length of the root and 
the shoots of T] plants, inoculated with M. incognita and grown in un-amended 
soil, when compared with control (C). The T2 plants, inoculated with M. 
incognita, grown in un-amended soil in which leaf extracts of C. tora was 
applied one week before nematode inoculation, exhibited a non-significant 
reduction over the control (C). Non-significant reduction in root and shoot 
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lengths, in comparison to control, were found in T3 and T4 plants. Lowest 
reduction was observed in Tj plants and highest in T5 plants, among nematode 
inoculated and C. tora treated plants. 
In comparison to Ti plants, Significant (p<0.01), enhancements in root 
and shoot lengths of Z. esculentum were noticed in T2, T3, T4, and T5 plants. 
Highest increase in plant length was in T4 plants followed by T2 to T3 plants 
(Table- 20). 
Root and Shoot Weight: 
In comparison to control, significant (p<0.01) reduction in fresh and dry 
weights of the roots and the shoots were observed in Ti and T5 plants. Fresh 
and dry weights of the roots and the shoots decreased non-significantly in T2 
plants where the plants were inoculated with the nematode and treated with C. 
tora leaf extracts. The value of T2, T3, and T4 plants were at par with the 
control (Table- 20). 
When the root and the shoot weights were compared with Tj plants then 
significant (p<0.01) increase in T2 plants was observed. In T3 and T4 plants, the 
increase in weight was higher than T2 plants; in T5 plants, the increase was 
lower. Highest increase was noticed in T4 plants and lowest in T5 plants (Table-
20). 
Leaf Area: 
Significant (p<0.01) reductions in leaf area in Tj and T5 plants were 
found, when compared with control. Non-significant reductions in leaf areas 
were found in T2, T3, and T4 plant. Maximum reduction was observed in Ti 
plants, and minimum in T4 plants where the plant was treated with leaf extract 
of C. tora and grown in 30% fly ash amended soil. When the leaf area of Ti 
plants was compared with other treatments, then it was found that the leaf area 
gradually increased from T2 to T4 plants but decreased in T5 plants, however, 
the values were higher than Ti plants. Among the plants treated with leaf 
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extract of C tora and grown in fly ash amended soil. Increase in leaf area was 
maximum in T4 plants and minimum in T5 plants (Table- 20). 
Yield (Flowers and Fruits): 
There was significant (P<0.01) reduction in the number of flowers and 
fruits of tomato in Tj plants that were inoculated with the nematode, when 
compared with control. Significant (P<0.01) reductions over the control were 
also noticed in T5 plants. In T4 plants, the reduction was non-significant and 
was at par with the control. Number of flowers and fruits increased 
significantly in T2, T3 and T4, when compared with control. Highest increase 
was noticed in T4 plants and lowest in Ti plants (Table- 20). 
Root Egg Index and Egg Mass Indices; 
Highest number of galls and egg masses per root system was found in Ti 
plants, where plants were inoculated with M. incognita only. Among the treated 
plants and grown in different concentrations of fly ash. Highest reduction in 
RKI and EMI was found in T5 plants, where the plants were treated with leaf 
extracts of C. tora and grown in 50% fly ash amended soil. Number of galls 
and egg masses per root system (RKI and EMI) gradually decreased from T2 to 
T5 plants (Table- 20). 
Fly Ash + Peacilomyces lilaciniis + Meloidogyne incognita. 
Plant Length: 
The root and the shoot lengths of tomato {Lycopersicon esculentum) 
inoculated with the root- knot nematode {Meloidogyne incognita) and grown in 
un-amended soil (Ti) decreased significantly (P<0.01), when compared with 
control. In the treatment T2, where nematode inoculated plants grown in un-
amended soil and treated with Paecilomyces lilacinus, the plant length 
significantly (p<0.05) decreased over the control. Non-significant reductions 
over the control were noticed in the treatments T3 and T4 plants. Highest 
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reductions, among the plants grown in fly ash amended soil, were noticed in T5 
plants followed by T4 and T3 plants. 
On comparing with Ti plants, significant (P<0.01) improvement in the 
length of L. esculentum was noticed in T2 plants. In T3, T4 and T5 plants, the 
plant length significantly (p<0.01) increased, when compared with Tj plants. 
The increase in the length was highest in T4 plants and lowest in T5 plants. The 
data revealed that the values of the root and the shoot length of T2, T3, and T4 
plants were non-significantly different with each other and were at par with 
control. The length of T5 plants, significantly (p<0.01) decreased when 
compared with T2, T3, and T4 plants (Table- 21). 
Root and Shoot Weight: 
Fresh and dry weight of the roots and the shoots decreased significantly 
(p<0.01) in Ti plants, when compared with control. In T2 plants, fresh and dry 
weights of the roots and the shoot decreased significantly in T3 and T4 plants. 
Fresh and dry weights of the roots and the shoots of T3 and T4 plants decreased 
non-significantly over the control. The plant weight was found significantly 
decreased in T5 plants. With the exception of Ti and T5, the differences were 
non-significant in all the treatments. 
On comparing with Ti plants, fresh weight and dry weight of the roots 
and the shoots increased significantly in T2 plants. In T3 and T4 in comparison 
to Ti plants significant (p<0.01) improvement in plant weight was encountered. 
Increase in weight in T3 and T4 plants was higher than T2 plants, in comparison 
to control. Increase in plant weight in T5 plants was much lower, but 
significantly different from Ti plants (Table- 21). 
Leaf Area: 
The leaf area was found decreased in T2 plants, but the reduction over 
the control was non-significant. Reduction in leaf area in T3 and T4 plants was 
lower than T2 plants and the values were at par with the control. In T5 plants, 
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the size of the leaf area decreased on comparing with the control. Highest 
reduction was noticed in Tj plants. Among P. lilacinus treated plants, highest 
reduction was noticed in T5 plants (Table- 21). 
Yield (Flowers and Fruits): 
In comparison to control (C), the number of flowers and fruits decreased 
significantly (p< 0.01) on M incognita inoculated plants (Tj). The T2 plants 
inoculated with the nematode and grown in P. lilacinus treated soil, amended 
and P. lilacinus treated soils. In T3 and T4 plants, a non-significant 
enhancement in yield, over the control and over the T2 plants was noticed. In T5 
plants, yield was significantly (p<0.01) decreased, when compared with the 
control, T2, T3 and T4 plants. Highest reduction was observed in Tj plants 
followed by T5 plants. The yield was found significantly (p<0.01) increased in 
the treatments, when compared with T] plants. Lowest increase was in T5 
plants and highest in T4 plants. From T2 to T4 plants, an increasing trend in 
improvement was noticed (Table- 21). 
Root Egg Index and Egg Mass Indices: 
Maximum number of galls and egg masses per root system were found 
on Ti plants, where plants were inoculated with M. incognita only. Number of 
galls and egg masses per root system (RKI and EMI) gradually decreased from 
T2 to T5 plants, where M. incognita inoculated plants were treated with P. 
lilacinus and grown in different concentration of fly ash amended soil (Table-
21). 
Discussion: 
Application of leaf extract of Cassia tora and fly ash into the soil 
negatively influenced nematode population and promoted growth and yield of 
tomato. The data indicated that leaf extract, the botanical of Cassia tora, when 
applied exclusively, helped in managing the root-knot disease. The other 
combination in which the treatment comprised of fly ash and leaf extract of C 
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tora, significantly improved the growth and yield of tomato and reduced 
nematode disease incidence. The data revealed that fly ash application in soil 
up to the concentration of 20 to 30 % improved the growth and yield of tomato. 
However, deleterious effects were encountered when fly ash level was 50% or 
above. The effects were expressed loss yield. Among various fly ash 
treatments, best resuh with respect to growth and yield of tomato, were 
obtained at 30% level. Effects of fly ash on plant growth have been studied by 
several workers and varying results have been obtained. (Khan and Khan, 
1996; Parveen, 2006; Azam et al, 2007; Hisamuddin et al., 2007; Singh et al, 
2009). The biochemical compounds available in leaf extract of C. tora 
probably ameliorated growth of tomato and proved toxic to the on nematode 
(Abbott et al,. 1998; Azam et al, 2008; Azam and Hisamuddin, 2008, 2009). 
Nematode development was greatly suppressed and the plant growth was 
retarded when the plants were grown in 50% fly ash amended soil and treated 
with C. tora leaf extract. Combination of leaf extract of C. tora and 50 % fly 
ash inhibited nematode penetration and gall formation, egg masses production 
and on the other hand reduced the growth and yield of tomato. Thus from this 
finding it might be inferred that level of fly ash was not beneficial for the plant 
as well as for the nematode. 
From the results it was revealed that highest and significant reductions 
in plant growth, yield and leaf area were obtained in root-knot nematode 
inoculated plants grown in soil not treated with P. lilacinus and not amended 
with fly ash. Addition of fly ash into soil enhanced growth and yield of 
nematode inoculated plants. From the data it is evident that combined 
application of P. lilacinus and fly ash was more effective than individual 
application in reducing nematode population and improving the plant growth 
and yield of tomato. In other plants similar results were reported by Ahmad and 
Alam, (1997); and Niyaz et al, (2007). The soil amended with 20 % and 30 % 
fly ash and with P. lilacinus caused enhancement in the growth and yield of 
tomato. Integration of 30 % fly ash into the soil with P. lilacinus proved 
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highest and significant increase in nematode inoculated plants. At higher 
concentration above 30% fly ash amended soil and incorporation of P. lilacinus 
showed ameliorating effects on growth and yield of tomato. From the table it 
was revealed that combined effects of fungus P. lilacinus and 30% fly ash was 
much better for plant grovvth and yield. Maximum reduction in RKl and EMI 
was noticed in T5 plants where the plants were treated with fungus, and the soil 
was amended with 50%fly ash amended soil. 
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EXPERIMENT 6 
Control of root-knot nematode, Meloidogyne incognita infecting 
tomato {Lycopersicon esculentum) by organic amendments and 
botanicals of Cassia tora 
INTRODUCTION 
All the crop plants are affected by one or the other phytoparasitic 
nematode leading to worldwide monetary losses to a tune of 125 billion dollars 
per annum (Chitwood, 2003). Root-knot nematode is the major pest responsible 
for huge crop losses all over world. In India alone, 15 to 60 % losses in yield of 
tomato are mainly due to root-knot disease (Krishnappa et al, 1992). For 
controlling plant parasitic nematodes, chemical pesticides are used 
indiscriminately, but these are unsafe for the environment and for living 
organisms, including human being. Soil organic amendments have been 
explored as alternatives of synthetic pesticides for suppressing plant parasitic 
nematodes (Rodriguez-Kabana, 1986; Akhtar and Malik, 2000; Chitwood, 
2002). Utilization of waste materials such as oilcakes, chitin, compost, animal 
manure, poultry manure and green manure have been tested for reducing 
populations of plant parasitic nematodes (Akhtar and Mahmood, 1996b). The 
present investigation was conducted to study the effects of plant parasitic 
nematode, Meloidogyne incognita, on tomato grown in the soil amended with, 
(i) cow urine containing benzoic acid, hippuric acid, phenylacetic aicd, and 3-
indol acetic acid, (ii) cow dung containing nitrogen, phosphorus, potassium and 
calcium, (iii) leaf powder of Cassia tora containing emodin, chrysophanol, 
lysine, histidine, threonine, phenylaline, valine, methionine and tryptophan, ( 
iv) mixture of cow urine and cow dung, and (v) mixture of cow urine, cow 
dung and C. tora leaf powder. 
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Material and methods 
Treatments and Plant culture: 
The healthy seeds of tomato {Lycopersicon esculentum) procured from 
National Seed Corporation, New Delhi were surface sterilized using NaOCl, 
rinsed twice with sterile distilled water, and allowed to germinate in petri 
dishes. Clay pots of 30 cm diameter were filled with the soil at the rate of two 
kg per pot and then autoclaved. Cow urine and cow dung, collected from dairy 
farm, were mixed with the soil in definite proportions. Dried leaves of Cassia 
tora were ground to powder. 
For experimental purposes, culture of Meloidogyne incognita Race 1 
was maintained on egg plants using single egg mass. The egg masses were 
hand-picked using sterilized forceps, washed with distilled water, and were 
placed in 10 cm diameter sieves containing crossed layers of tissue paper which 
were kept in petri dishes containing water. The freshly hatched second-stage 
juveniles were collected every 24 hour. 
Three leaf stage seedlings were transferred to clay pots. Each treatment 
was replicated five times and one set, not mixed with cow urine, cow dung and 
leaf powder of C. tora, and not inoculated with M. incognita, was left as 
control. After 10 days of transplantation, all the sets except control were 
inoculated with freshly hatched second- stage juveniles as per following 
scheme: 
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Soil amendment with cow urine, cow dung and leaf powder of C. tor a 
Control 
T, 
T2 
T3 
T4 
T5 
T6 
Soil 
Soil 
Soil+ CU 1,000 ml 
Soil+ CD l,000g 
Soil + CU 500ml + CD 500g 
Soil+ LP 200g 
Soil + CU 500 ml + CD 500 gm + LP 200g 
Un-inoculated 
2,000J2 
2,000J2 
2,000J2 
2,000J2 
2,000J2 
2,000J2 
CU= freshly collected cow urine, CD = freshly collected cow dung, 
LP = dried leaf powder Cassia tor a. 
Plant Growth: 
After 90 days of seedling transplantation, the mature plants of tomato 
were uprooted with the help of hoe and gently washed with running tap water. 
The plants were cut at the margins of roots and shoots. Their lengths were 
measured in centimeter with the help of meter scale and fresh weight was taken 
by physical balance. Roots and shoots were kept separately in bamboo paper 
envelopes and kept in an incubator maintained at 72°C temperature for 5 days. 
Dry weight of the roots and the shoots was determined. 
Leaf area: 
Leaf area was measured with the help of butter paper and graph paper 
described as in experiment 4. 
No of flowers and Fruits: 
Number of flowers and fruits were counted visually. 
Chlorophyll Estimation: 
Chlorophyll contents were estimated as described in the experiment 4. 
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Leaf Epidermis Characters: 
Freshly collected mature leaves of same age and size, of tomato were 
fixed in formalin-aceto-alcohal (F.A.A) and stored in 70% ethanol (Johansen, 
1940). Leaf pieces of one cm were cut and treated with 30% PfNOs to separate 
the epidermal peels. The peels were washed in water, and stained with iron-
alum and haematoxylin and mounted in Canada balsam for microscopic 
examination (Ghouse and Yunus, 1972). The number of stomata in one cm^ 
area was counted and trichome length was measured. 
Root-knot and Egg Mass Indices: The gall and egg mass indices were rated 
same as experiment 5. 
Results: 
Plant Growth: 
The length of the roots and the shoots decreased in all the treatments 
over the control, significantly (P<0.01) in Tj, T2, T3, T4 and T5 plants, and non-
significantly in Tg plants. When comparisons were made with Ti plants, it was 
found that the plant length increased non-significantly in T2 plants, and 
significantly (P<0.01) in all the other treatments. In comparison to control, 
fresh and dry weights of the roots and shoots decreased in all the treatments 
from Ti to T5 plants. Highest and significant (P<0.01) reduction was observed 
in Ti plants; reductions were also significant (P<0.01) in T2, T3, T4 and T5 
plants. The values of Te plants were at par with control. On comparing with Ti 
plants, an increasing trend in root and shoot weight was noticed from T2 to T6 
plants. Enhancement was non - significant in T2 but significant in all other 
treatments. Highest increase was found in Ts plants (Table- 22). 
Yield: 
There was significant (P<0.01) reduction in the number of flowers and 
the fruits of tomato in Ti plants that were inoculated with the nematode, when 
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compared with the control. Significant (P<0.01) reductions over the control 
were noticed in T2, T3, T4, and T5 plants. In T(, plants, the reduction was non-
significant and was at par with the control. Number of flowers and fruits 
gradually increased in all the treatments but significant increase was noticed 
from T3 to Tft, when com.pared with Ti plants. Highest increase, over Tj plants 
was encountered in Tg plants (Table-22). 
Chlorophyll Contents: 
Amount of chlorophyll a and chlorophyll b decreased in all the 
treatments except Tg plants over the control. Highest and significant (P<0.01) 
reduction in chlorophyll a and b contents was noticed in Ti plants as compared 
with control; reduction in chlorophyll a and b contents was significant in T2, T3, 
T4 and T5 plants. The reductions were non-significant in Te plants. A gradual 
increase in amount of chlorophyll was observed in all the treatments when 
compared with Ti plants. The difference in chlorophyll contents in Ti and T2 
plants was non-significant. Significant (P<0.01) increase was found in T3, T4, 
T5, and Te plants. Increase in amount of chlorophyll was highest in Tg plants 
(Table- 22). 
Leaf Epidermis: 
A reduction in number of stomata was noticed in all the treatments over 
the control. The number of stomata was lowest in Ti plants. In comparison to 
control, significant (P<0.01) reduction in the number of stomata was observed 
in T2, T3, T4 and T5 plants; in T(, plants the reduction was non-significant. In 
comparison to Tj plants, increase in number of stomata was found from T2 to 
T6 plants. In T2 plants, increase in number of stomata was non-significant, but 
in T3, T4, T5 and Tg the increase was significant (P<0.01) over Tj plants. The 
length and width of guard cells decreased significantly (P<0.01) in the 
treatments from Ti to T5, over the control; the guard cells were shortest in Ti 
plants. Enhancements in the values of the dimensions of stomata were 
significant in T3, T4, T5 and T(, plants. The size of stomatal aperture was found 
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decreased in all the treatments over the control. Smallest apertures were noticed 
in Ti plants, when compared with control. Reduction in aperture size, over the 
control, was significant (P<0.01) in T2, T3, T4 and T5 plants and non-significant 
in Te plants (Table- 23). 
Reduction in trichome length was encountered in T] and other 
treatments (Table- 23). 
Root-knot and Egg Mass Indices: 
The number of galls per root system was highest in T) plants than other 
treatments. From the root-knot index (Tables-22), it was evident that gall 
number decreased in all the treatment with lowest values being on Tg plants. 
Egg mass index was highest on Tj and lowest on T6 plants. 
Discussion: 
Root-knot disease caused by Meloidogyne incognita is characterized by 
stunting of plants, chlorosis of leaves and galling of roots. The tomato plants 
exhibited same symptoms when inoculated with the root- knot nematode. The 
infected tomato plant produced smaller leaves with fewer and smaller stomata. 
The nematode caused reduction in plant growth and yield loss. The plants 
grown in soil amended with organic matter exhibited improvement in all the 
growth parameters. Enhancement in plant growth by soil organic amendments 
with organic matter mainly cow urine and cow dung might be attributed to 
increase in nutrient concentration and increase in population of microflora 
beneficial for the plant. 
Organic amendments have been reported to increase soil microbial 
population and formation of some chemical and biochemical by-products 
which could help in increasing soil fertility (Dunn, 1994). The organic matter 
used in the experiments probably benefited the soil and enhanced soil fertility. 
Soil characters favored plant growth because of availability of the nutrients. 
Probably new environment of soil supported development of microflora that 
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degraded organic matter, and proved antagonist towards the root-knot 
nematode, M. incognita. An appropriate medium was resulted in the soil which 
supported plant growth and obstructed in the development of the nematode, and 
ultimately checked disease incidence. Stirling (1989) obtained better yield of 
ginger grown in soil amended with urea, saw dust and poultry manure. 
Enhancement in yield of tomato might be attributed to higher 
concentration of the nutrient in the soil and better availability of nutrient to the 
plants. Nitrogenous substances of cow dung and cow urine caused increase in 
biomass of the plant and increase in number of flowers and fruits. Fruit yield 
was enhanced in the plants inoculated with the nematode and amended v i^th 
dung and urine. Improvement in yield is suggestive of overcoming of nematode 
impact on the plant. 
The soil manuring agents and the leaf powder of C. tora played their 
roles in two dimensions; the manuring agents enhanced plant growth and yield, 
while leaf powder was operative in managing the nematode. Addition of 
nitrogen rich cow urine caused an increase in chlorophyll production, which is 
a nitrogen containing organic compound. The amount of chlorophyll has been 
found decreased in N - deficient and increased in N- rich soils. Addition of 
nitrogenous salts into the soil improved growth of Luffa cylindrica 
(Hisamuddin, 1992). Highest increase in chlorophyll content in Te plants might 
be attributed to increase in nitrogen contents of soil and decrease in nematode 
population. 
Epidermal characteristics exhibited improvement in nematode 
inoculated plants grown in organic matter amended soil, over Ti plants. From 
these results it might be inferred that the plant responded favorably towards 
organic components even under disease stress. Epidermal characteristics of root 
- knot nematode inoculated tomato plants were improved when manuring 
agents were supplemented with the leaf powder of C. tora. The leaf powder 
helped in increasing soil fertility together with cow dung and cow urine. It also 
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checked nematode development and reproduction as was evident from the root 
- knot and egg mass indices. 
Thus from the finding it might be concluded that the three components, 
cow urine, cow dung and C. tora leaf powder helped the plant to grow properly 
aiiU Lw K^yimiitxi, Willi l uv uJ'^ k t^i.^ w v^au:>iiig i^i g t i i i u i i i . 
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Table 2 
Coal Consumption in the Thermal Power Plant Complex in Metric Tons. 
(An average of three years data) 
Months 
November 
December 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
Total in winter (November -
March) 
Winter monthly average 
Winter daily average 
Total in summer (April -June) 
Summer monthly average 
Summer daily average 
Total in Monsoon (July-October) 
Monsoon monthly average 
Monsoon daily average 
Annual consumption 
Average monthly consumption 
Average daily consumption 
Power stations 
Ci 
2,204 
5,682 
22,169 
21,142 
29,775 
5,475 
2,759 
2,629 
9,658 
2,865 
5,865 
9,658 
80,972.00 
16,194.40 
539.81 
10,863.00 
3,621 
120.70 
28,046 
7,011.50 
233.71 
1,19,881 
9,990.08 
328.44 
C2 
16,570 
20,563 
14,790 
19,778 
21,948 
10,429 
6,208 
19,429 
22,562 
18,026 
19,856 
18,149 
93,649 
18,729.8 
624.32 
36,066 
12,022 
400.73 
78,593 
19,648.25 
654.94 
2,08,308.00 
17,359.00 
570.70 
Total monthly 
consumption 
18,774 
26,245 
36,959 
40,920 
51,723 
15,904 
8,967 
22,085 
32,220 
20,891 
25,721 
27,807 
1,74,621 
2,03,492 
1,164.13 
46,929 
15,643 
52,143 
1,06,639 , 
26,659.75 
888.65 
3,28,189 
27,349.08 
899.14 
5 
:iw 
Table 3 
Amount of gases released from the Chimneys of the Thermal Power 
Plant Complex in different months (average of three years). 
Months 
November 
December 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
Winter average 
(Nov-March) 
Summer average 
(April-June) 
Monsoon Average 
(July-October) 
Annual Average 
Source : Courtesy: AE 
SO, 
XlO^kg/ 
hour 
0.135 
0.127 
0.158 
0.164 
0.138 
0.111 
0.098 
0.128 
0.126 
0.122 
0.115 
0.114 
0.1444 
0.1123 
0.1192 
0.0313 
]E, Thermc 
ppm/ 
hour 
0.013 
0.013 
0.016 
0.016 
0.014 
0.011 
0.010 
0.013 
0.013 
0.012 
0.011 
0.011 
0.0144 
0.0113 
0.0118 
0.0031 
il Power P 
NO, 
XlO^kg/ 
Hour 
2.412 
2.268 
2.828 
2.942 
2.463 
1.996 
1.766 
2.290 
2.264 
2.184 
2.057 
2.038 
2.5826 
2.0173 
2.1357 
0.5613 
lant Comp 
ppm/ 
hour 
0.241 
0.227 
0.283 
0.294 
0.246 
0.199 
0.177 
0.229 
0.226 
0.218 
0.206 
0.204 
0.2582 
0.2017 
0.2135 
0.0561 
ex of Ka 
CO, 
X10\g / 
Hour 
21.843 
20.536 
25.604 
26.636 
22.299 
10.845 
15.985 
20.738 
20.502 
19.777 
18.629 
18.459 
23.3836 
15.8560 
19.3417 
4.881 
simpur. 
ppm/ 
hour 
2.184 
2.054 
2.560 
2.664 
2.230 
1.084 
1.598 
2.074 
2.050 
1.978 
1.863 
1.846 
2.3384 
1.5853 
1.9342 
0.4881 
Table 4 
Mean wind velocity (Km/h) at Kasinipur site. 
Months 
November 
December 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
Annual 
8.30 h 
7.55 
7.76 
8.22 
8.51 
9.82 
11.215 
11.425 
11.785 
11.050 
9.57 
9.138 
7.835 
9.165 
17.30 h 
1.638 
1.744 
2.234 
2.578 
3.802 
4.625 
5.049 
5.955 
3.522 
3.218 
3.218 
1.985 
3.207 
Average 
4.594 
4.752 
5.227 
5.544 
6.811 
7.920 
8.237 
8.870 
7.286 
6.394 
6.178 
4.910 
6.186 
Source: Meteorological Department (Government of India), Aligarh Unit. 
Table 5 
Tertiary butyl alcohol dehydration schedule (Johansen, 1940), 
Steps 
1 
2 
3 
4 
5 
6* 
7 
8 
%Alcohol 
50 
70 
80 
95 
100 
100 
100 
100 
Time 
2h or more 
over night 
1-2 h 
1-3 h 
1-3 h 
1-3 h 
1-3 h 
Over night 
Quantity (ml) 
Distilled 
water 
50 
30 
15 
5 
0 
0 
0 
0 
95% 
ethanol 
40 
50 
50 
45 
0 
0 
0 
0 
100% 
ethanol 
0 
0 
0 
0 
25 
0 
0 
0 
100% 
T.B.A. 
10 
20 
30 
50 
75 
100 
100 
100 
IB A changes were carried out at 30 C 
Table 6 
Safranin and fast green schedule (Sass, 1951). 
Step 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Solution 
Xylene 
Absolute ethanol 
95% ethanol 
70% ethanol 
50% ethanol 
30% ethanol 
1% aqueous safranin 0 
Rinse in tap water 
30% ethanol 
50% ethanol 
70%) ethanol 
95% ethanol 
0.1% fast green FCF in 95% ethanol 
Absolute ethanol 
Absolute ethanol 
Xylene-absolute ethanol (1:1) 
Xylene 
Xylene 
Time 
5 min 
5 min 
5 min 
5min 
5 min 
5 min 
l-12h 
-
3 min 
3 min 
3 min 
3 min 
5-30 sec 
15 sec 
3 min 
3 min 
5 min 
4 min or longer 
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Table 12 
Physico - Chemical characteristics of fly ash used in the study 
Electrical Conductivity (mmhos cm'') 9.84 
PH 8.90 
Texture (%) 
Sand size Particles 32.15 
Silt size Particles 49.30 
Clay size Particles 8.53 
Total organic carbon 0.07 
Total nitrogen 0.05 
Elements 
Pb 27.56 ppm 
Ni 06.90 ppm 
Mn 22.80 ppm 
Co 03.82 ppm 
B 21.71 ppm 
Cu 01.52 ppm 
K 722.20 ppm 
Cr 13.91 ppm 
Cd 00.24 ppm 
Zn 03.04 ppm 
Fe 02.43 ppm 
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P-29; N : Second stage juveniles of secondary inoculum 
N : Second stage juvenile adjacent to an old giant ceil 
P-30: NX : Normal xylem 
GC : Giant cell 
AP : Abnormal phloem 
GCC : Giant cell complex 
P-31: IN : One nematode 
GCC : Giant cell complex 
LGC : Lager giant cell complex 
SGC : Smaller giant cell complex 
NX : Normal xylem 
AX : Abnormal xylem 
P-32: AVE : Abnormal vessel elements 
GC : Giant cell 
AP : Abnormal phloem 
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P-5: CE : Zone of cell elongation. 
GC : Thick walled giant cells with dense cytoplasm. 
P-6: N : Nematode. 
Nu : Enlarged nucleus. 
CW : Thick cell wall. 
Cy : Dense, granular peripherally arranged cytoplasm. 
P-7: CE : Zone of cell elongation. 
Nu : Hypertrophied nucleus. 
N : Nematode inducing giant cell fomiation. 
Cy : Giant cell with highly dense cytoplasm containing 
several nuclei. 
HP : Hypertrophied parenchyma cells. 
P-8: VE : Normal vessel elements. 
XS : Abrupt ending of normal xylem strand. 
AX : Abnormal xylem near giant cell complex. 
GCC : Giant cell complex bifurcating xylem strand. 

P-9: VE : Hypertrophied vessel element. 
GCC : Giant cell complex in between xylem strands. 
VLE : Vessel like elements differentiating from parenchyma 
cells . 
P-10: GC : Highly dense cytoplasm of the giant cell. 
Nu : Enlarged nuclei with several nuclei are present in the 
giant cell. 
P-11: AVE : Abnormal vessel element. 
Nu : Amoeboid nuclei with several small and large nucleoli. 
GC : Giant cells containing dense cytoplasm. 
Nu : Nucleus containing several nucleoli. 
AVE : Abnormal vessel elements. 
P-12: GCC : An infected root showing injury in the epidermis, cortex, 
and a large number of giant cell complex causing 
disruption in the inner tissues. Normal xylem and 
phloem strand cannot be located. 
GCC 
VLE 
P-9 P-10 
AVE 
r^ 3^F\ AVE 
GCC GCC 
GCC 
GCC 
P-11 P-12 
P-13: AVE : Abnormal vessel elements surrounding the giant cell 
complex. 
AVE : Abnormal vessel elements formed from parenchyma 
cells. 
GCC : Giant cell cytoplasm. 
ES : Empty space in the peripheral zone of giant cell. 
P-14: GC : Almost empty giant cell. 
GCC : Giant cell complex having giant cells with highly dense 
cytoplasm, various shaped nuclei, and nuclei containing 
several nucleoli. 
P-15: N : Nematode becoming short and bulging. 
AVE : An empty giant cell changing into vessel like elements. 
AVE : Abnormal vessel elements near the giant cells. 
GC : Giant cell inducing by the nematode. 
GCC : Giant cell complex with little cytoplasm. 
P-16: AVE : A giant cell transforming with vessel like elements. 
GC : Giant cell with dense and granular cytoplasm containing 
amoeboid nuclei. 
GCC 
W^i 
^r^ 
P-13 P-14 
^AVE 
AVE 
j-GCC 
AVE 
P-15 
P-17: GCC : Giant cell complex with little cytoplasm in the giant 
cells. 
VE : Vessel elements. 
GC : Giant cells with nuclear containing several nucleoli. 
PE : Phloem elements in contact with the giant cells. 
P-18: NC : Nematode cavity. 
GCC : Giant cell complex. 
P-19: GCC : Giant cell complexes in stellar and cortical regions. 
GCC : Giant cell complex. 
N : A mature female. 
EM : Egg mass. 
P-20: PE : Phloem elements connected with the giant cells. 
GCC : Giant cell complex with few giant cells without 
cytoplasm. 
AVE : Abnormal vessel elements. 
P-17 
-^GCC 
P-18 
" ^ , r ^ 
P-19 
t-ir 
P-20 
P-21: E : Epiblema Injury. 
P : Passage made by juvenile. 
P-22: VE : Vessel elements of normal xylem showing abrupt 
ending. 
GCC : Giant cell complex causing bulging in the root. 
HT : Nematode causing hypertrophy in parenchyma cells. 
N : Nematode. 
VE : Vessel elements of normal xylem strand showing abrupt 
ending. 
P-23: GCC : Several giant cell complexes inducing gall formation 
EP : Injury in epidermis and cortex. 
P-24: AP : Abnormal phloem showing longitudinally arranged 
vessel elements in a transverse section of the infected 
root. 
AVE : Abnormal vessel elements longitudinally arranged in 
transverse section root. 
GC : Giant cell. 
GCC 
' ^ ^ 
P-21 P-22 
GCC 
—GCC 
GCC 
^ A V E 
P-23 P-24 
P-25: AP : Abnormal phloem showing sieve tube elements arranged 
in irregular pattern. 
AX : Abnormal xylem making a covering around the giant cell 
complex. 
P-26: I : Injury in epidermis and cortex. 
GCC : Several giant cell complexes causing distortion in the 
internal 
P-27: AX : Abnormal xylem elements without any definite shape 
and size 
GCC : Giant cell complex surrounded by abnormal xylem 
AVE : Newly formed abnormal vessel element. 
P-28: AX : Covering the giant cell complex on one side. 
P-29 
t-AP 
b-GCC 
P-30 
P-31 P-32 
P-33: AX : Abnormal vessel 
GC : Giant cell 
P-34: MN : Mature nematode 
GC : Giant cell 
GCC : Giant cell complex 
AP : Abnormal phloem 
'-35: HT 
AP 
MN 
GC 
: Hypertrophy 
Abnormal phloem 
: Mature nematode 
: Giant cell 
P-36: EM : Egg Masses 
MN : Mature nematode 
AP : Abnormal phloem 
P-33 P-M 
AP 
^1^ i^C MN 
t 
GC 
P-35 P-36 
P-37: AX : Abnormal xylem 
AP : Abnormal phloem 
P-38: N : Nematode 
GCC : Giant cell complex 
P-39: N : Normal root tissue, xylem () and parenchyma (p) 
P-40: GC : Only one or two nematode caused giant cell (GC) 
formation. 
AP 
P-37 
« t , 
N 
P-38 
GC 
P-39 P-40 
P-41: GC : Giant cell formation phenomenon increased. Giant cells 
are prominent. 
P-42: GCC : Several giant cell complexes were induced by the 
nematodes. 
P-43: N : The nematodes caused the formation of giant cell 
complex (GCC). 
P-^4: H : Hyphae of Paecilomyce lilacinus 
> " ' - 2 ? ' ^ ' ^ 
.^—GC 
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P-41 P-42 
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P-45: H : Hyphae growing in inner (R.T) root tissue 
CC : Chain of conidia 
P-46: H : Hyphae growing in the lumen (L) of vessel elements 
(VE) 
P-47: FH : Fungal hyphae (H) growing in parenchyma (P) and 
xylem (X) elements. 
P-48: H : Fungal hyphae growing in vessel elements (VE) 
<:c 
^T t 
P-45 P-46 
.«CP 
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-H 
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* 
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P-48 
P-49: E : Hyphae of Paecilomyces lilacinus anastomosing around 
the eggs of Meloidogyne incognita. 
P-50 CC : Chain of Conidia. 
E : Eggs of Meloidogyne incognita. 
P-49 
P-50 
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SUMMARY 
- 1 , ^ ^ 1 
vegeiaoies are an imporiani consniueni or me oaiancea aiec as inese are 
the sources of minerals, vitamins, proteins and carbohydrates. These are 
consumed in a variety of ways, some are eaten raw in salads and other cooked 
and become the part of main meals and snacks. Many of the vegetables contain 
phytochemicals that may have antioxidant, antibacterial, antifungal, antiviral 
and anticarcinogenic properties. Tomato {Lycopersicon esculentum), the 
second largest crop among the vegetables, is cultivated throughout the world. It 
belongs to the family Solanaceae. Tomato is grown in almost all parts of India. 
Sometimes tomato crop failure is resulted due to various diseases. One of the 
most important disease causing organism is Meloidogyne, which causes the 
disease "root - knot". Meloidogyne the soil inhabiting pathogen affects the crop 
and yield qualitatively as well as quantitatively. The root-knot nematode 
Meloidogyne incognita, causes considerable losses to tomato. The following 
experiments were carried out on tomato in order to observe the effects of 
Meloidogyne incognita on plant growth, yield and chlorophyll content, and to 
find out the roles of fly ash, Cassia tora, Paecilomyces lilacinus and soil 
manuring agents on the plant as well as on the nematode. 
The "First Experimenf was performed to find out mode of infection, 
mechanism of giant cell and gall formation, and the process of abnormal tissue 
formation, after nematode infection. Meloidogyne incognita, soon after 
penetration, induced giant cells and caused hyperplasia around the infection 
court in the roots of tomato. These changes led to the development of 
prominent galls, the characteristic symptoms of the disease. As a result of 
infection the plants exhibited stunting and loss of weight and yield. The roots 
infected with M incognita were examined from 24 hours to 27 days after 
inoculation. The second-stage juveniles of M. incognita penetrated the young 
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root tips of tomato within 24 h of inoculation and migrated towards the zone 
of cell elongation and differentiation. The root cap and the epiblema were 
found damaged after infection. Some cells, in the inner tissue, had become 
enlarged and their shapes had changed from elongated to globular forms near 
the heads of juveniles. The cell walls of the incipient giant cells became very 
thick after 48 h of inoculation. The cytoplasm of giant cell became extremely 
dense and granular; the number of nuclei per giant cell increased; the shape of 
giant cells became globular, after 3 days of inoculation. The cytoplasm had 
become more dense and occupied almost entire volume of giant cell, 6 days 
after nematode inoculation. After 9 days of inoculation, there was an enormous 
increase in the size of the giant cell. The cell walls had become very thick and 
enclosed extremely dense cytoplasm, due to which it was very difficult to 
locate nuclei and nucleoli in the giant cell. After 15 days of inoculation, the 
giant cells attained their largest sizes. The size of nuclei increased enormously 
but their number decreased. In some giant cells the nuclei were found arranged 
in the form of cluster. The cytoplasm of giant cell was less dense, though 
granular, as compared to the giant cells observed after 9 days of inoculation. 
The cell wall of the giant cells was thick. Reduction in amount of cytoplasm 
was also noticed in larger giant cells after 21 days of inoculation. The 
nematodes after 27 days of inoculation, developed into their mature forms. The 
nematodes were arranged radially or obliquely to the axis of the root. The 
number of nuclei was found decreased. The nuclei assumed amoeboid in 
From our study after examining transverse and longitudinal sections of 
the infected roots of L. esculentum, it might be concluded that M incognita 
juveniles entered from all directions of the young growing roots. They caused 
disruption in the arrangement of vascular tissue. They induced giant cell in 
zone of differentiation of vascular tissues. The giant cells appeared to be 
surrounded by the xylem but were also found associated with phloem elements. 
Increase in the size of the giant cell and in the amount of cytoplasm was due to 
141 
stimulatory effects induced by the nematode. Depletion in amount of cytoplasm 
was because of its consumption by the developing nematode. Formation of 
excessive amount of abnormal xylem was the injury stress response. 
In the "Second Experiment" effects of different inoculums levels of M. 
incognita on the growth, yield of tomato, and histopathological responses were 
studied. The low population levels of nematode were found less harmflil to the 
plant. It indicated that nematode caused injury to the plant even when their 
population was low. At higher inoculum levels plant growth was found 
significantly decreased. Highest and significant reductions in growth and yield 
of tomato were observed at higher inoculums levels at 5,000J2 and minimum at 
5J2 per pots. 
The number of galls was lower and size of galls smaller at lower initial 
inoculum level of Pi= 5J2. A significant increase in the number of galls, over Ti 
plants, was found in T3 and T4 plants, where the plants were inoculated with 
Pi= 500 and 5,000J2, respectively. Reproduction factor (Rf) decreased with the 
increase in initial inoculum level. Highest reproduction factor was observed in 
Ti plant where the plants were inoculated with 5J2 and minimum in T4 where 
the plants were inoculated with 5,00012 per pot. 
Longitudinal and transverse sections of the roots of Lycopersicon 
esculentum infected with root-knot nematode (M incognita) exhibited severe 
infection. The juveniles of M. incognita when entered the roots of L. 
esculentum caused hypertrophy and hyperplasia in the cortex and the stele. In 
most of the secfions, giant cell complex comprising of 4-6 giant cells were 
frequently observed. In each giant cell complex, the giant cells were of 
different dimensions. Occurrence of several giant cell complexes, formation of 
abnormal xylem, and disorganisation in phloem strand led to deformities and 
abnormalities in cortical and stellar regions of the infected roots. From this 
experiment it might be concluded that at higher inoculum levels the strength of 
stimulus was high consequently more abnormalities in the affected roots were 
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encountered. The abnormalities ranged from subcellular (change in shape, size 
and number of nucleus and nucleolus), through cellular (formation of giant 
cells, abnormal vessel elements, abnormal phloem elements) to tissue levels 
(distortion in vascular strand). 
The "Third Experiment" was performed to examine the 
histopathological interactions of Paecilomyces lilacinus and Cassia tora with 
the nematode {Meloidogyne incognita). The overall growth of infected plants, 
when treated with Paecilomyces lilacinus and C. tora, increased. The growth of 
T2 plants was increased, when the fungus was applied into the soil, one week 
before of nematode inoculation. Fungus was found spreading in the soil, 
around the root surface, and in the inner tissues of the root. The hyphae were 
observed in the giant cells and also inside the body of the mature female. It 
damaged and destroyed eggs and egg masses and ultimately checked secondary 
infection. 
Application of seed extract of C. tora one week before of nematode (T2) 
inoculation and in simultaneous inoculation (T3) was found more effective than 
T4^  T5 and Tg treatments, in managing the disease and increasing the yield. 
The seed extracts of C. tora probably metabolized into toxic compounds in the 
soil atmosphere. The toxic chemicals, when generated before the arrival of 
inoculum, caused harmful effects on the nematode. The juveniles probably 
strived to survive and could not penetrate into the roots. They were not able to 
produce any deleterious effect on tomato plants. 
The "Fourth Experiment" was conducted to investigate the effects of 
fly ash in different concentrations on plant growth, yield, and chlorophyll 
contents, on the development and reproduction of the nematode, and the 
anatomical features of the nematode. The experiment was performed for three 
years. In the first year, an ascending trend in plant length, weight, yield, 
number of flowers and fruits, and cholorophyll content was observed at 10% to 
30% fly ash levels. Maximum increase was noticed in soil amended with 30% 
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fly ash. Addition of tly ash into the soil with more than 30% concentration 
decreased the length, weight, yield and chlorophyll contents of tomato plants. 
In the second year, slight and negligible reduction in growth parameters over 
the first year parameters were obtained. Plant growth, yield and cholorophyll 
content were decreased when compared with that of first year. In the third year, 
higher reductions in growth, yield and chlorophyll contents of the plants were 
recorded. From these experiments it might be concluded that in the first year, 
fly ash amended soil supported the plant growth because of availability of 
nutrient elements. In the second year a decline in growth and yield occurred. It 
was probably because of depletion of nutrient elements from the soil. In the 
third year, the soil did not remain as productive as was in the first year. The soil 
probably possessed heavy metals or inert ash particles which did not support 
plant growth. Root galling, egg mass production, and morphology of nematode 
were adversely affected at higher concentrations of fly ash level. Highest and 
significant reductions in the number of galls, number of egg masses, length and 
width of mature female, length and width of neck and stylet were noticed, in 
the third year. The effects of fly ash on the nematode were either direct within 
the soil or indirect through metabolites of the plant. Physico - chemical 
characteristics of fly ash amended soil inhibited movement and retarded 
development of the nematode directly. Metabolites containing heavy metals or 
altered biochemical compounds interfered in the development of the nematode 
indirectly. 
In "Fifth Experiment" effects of Cassia tora and Paecilomyces Ulacinus 
were analysed on the development of M incognita and on the tomato in fly ash 
amended soil. Leaf extracts of C. tora reduced nematode population and 
enhanced growth and yield of tomato. But combined effect of 30% fly ash and 
leaf extract of C tora, significantly improved the growth and yield of tomato 
and reduced the nematode disease intensity on the plants. Combination of 50% 
of fly ash and leaf extract of C. tora were not found beneficial for the plant 
growth, because addition of fly ash into the soil at a concentration higher than 
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30%, retarded plant growth. Higher fly ash level alongwith C. tora extracts 
proved harmful for the nematodes, therefore, egg mass index was decreased. 
Integration of 30% fly ash into the soil with P. lilacinus caused highest and 
significant increase in the growth and yield of plants. Addhion of fly ash in 
higher concentration (more than 30%), affected nematode population 
deleteriously. Maximum reduction in root-knot index and egg mass index was 
noticed on T5 treatment, where the plants were treated with P. lilacinus, and the 
soil was amended with 50% fly ash. 
The "Sixth and the last Experiment" was performed to evaluate the 
botanicals of Cassia tora and organic compound in managing the root-knot 
nematode problem. Organic compounds like cow dung and cow urine were 
used separately and in combination to control the nematode disease on tomato 
plant. Combinations of cow dung, cow urine and botanicals of C. tora proved 
favourable for the plant growth, yield and cholorophyll contents of tomato. 
These were proved harmful to plant as nematode population was found 
decreased. Reduction in number of stomata, length and width of guard cell, 
trichome length was increased from T2 to Te plants. Significant and highest 
increase was noticed in Tg plants where the soil was amended with cow dung, 
cow urine, and botanicals of C. tora. Root-knot and egg mass indices were 
found decreased in all the treatments, but maximum reductions were obtained 
in T6 plants. From this experiment it might be concluded the organic 
amendments could increase soil microbial population and formation of some 
biochemical products which helped in increasing soil fertility. 
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